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1-AETIOLOGY 
1482.]  Thrombosis  of  the  cerebral  veins  and 

by  the  spread  of  sepsis  from  ^  Although  there  are  a  Vessels 

veins  and  five  unpaired  and  1^,, 

superior  longitudinal  sinus  “  °  ^  practical  import  to  the  subject. 

and  the  cavernous  sinus  are  alon  P  ^  chiefly  Infective 

Mective  thromboses  may  be  "Ir  L  b“c^^^  nasal  cavities, 
associated  with  sepsis  of  the  mi  >  scalp.  General  septi- 

the  pharynx,  or  ^he.mtegunrent  of 

caemia  and  pyaemia  or  diffus  P  ,  ^  ^  related  to  Non-infectm 

causes.  Non-infective  th,ombos.s. 

any  general  V  ■  ^  a  ;  ,„,ost  limited  to  infancy, 

severe  depletion  of  the  tissue-fluids,  and  is  aimo  ^ 
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The  average  age  in  a  scries  ol'  cases  collcelca  by  Ihcis  ami  Hass  m.in 
nine  months,  their  oldest  patient  beiiir.  milv  thuty  immllr,.  SiH-al.m.e 
of  the  possible  aetiological  role  of  intruvenou-,  thnai'V.  tlu-\  ■.iair  tlui 
such  injections  have  been  shown  to  promote  uKrlnbnalum  ol  blood- 
platelets,  but  that  experimentally  clotun!>  ol  the  bl. <od  in  (lie  laiee 
venous  channels  will  not  follow  unless  the  eneulation  r.  also  -.lov.ed. 
The  superior  longitudinal  sinus  was  tluombosed  in  all  the  .e  paiu-m-.. 
although  the  dot  had  cxtcndeil  to  its  tributaries  and  olhei  ann.e.  in 
some.  The  site  of  election  was  its  middle  llnee  litlle..  whne  u  aiddmiK 
widens  and  its  walls  contain  the  lacunar  poeKets  of  the  aiaelimnd  ulh 
They  suggest  that  the  blood  coneentrated  In-  diarrhoea  and  vtnmime: 
finds  in  this  part  of  the  sinus  just  those  coiulilium.  neees-.an  toi  a 
sufficient  slowing  of  the  circulation  to  produce  thionilura-.,  and  that 
the  sunken  anterior  fontaneUe  may  well  he  an  additional  leiaohm-. 
factor. 


2.“CLINrC:AL  Fir.TURli 

The  premonitory  symptoms  vary  with  the  cause,  lii  the  iuh-i  ii\e  \  la-.., 
high  swinging  Icmpenitures,  liju'rs,  and  even  exiileiiee  ol  mhuition 
of  the  lung  may  bciidded  to  the  pain,  Ictuiei  iiess.  swelhim,  and  ei.iudnlai 
enlargement  produced  locally  by  the  I'niinarv  '.ep’.is.  lu  tin-  non 
infective  class  a  period  ofticulc  gtistro-iiiteslimil  di'.tuih.iiu  e  wilt  h.oe 
preceded  the  actual  thrombosis  by  two  or  three  weeks,  and  tin-  •  htUl 
will  present  a  picture  of  severe  dehydr.alion  and  eoll.ipse. 

(1)— Thrombosis  of  Superficial  Cerebral  Veins 

Thrombosis  of  the  supcrlteial  cerebrit!  veins  is  usnally  seeomtat'.  to 
clotting  of  the  superior  longitudinal  sinus,  but  a  genrrab/rd  ptuulenf 
leptomeningitis  may  oecasionally  be  responsible,  hitlm.r  incbi.tl 
changes  iicccs.sarily  follow,  with  focal  epilepsy  and  othei  .len.  ot 
dcfttruction  of  cortex,  such  as  dementia,  hemiplegia,  tieimcinarsthrsta.  ot 
hemianopia  according  to  llie  position  of  the  ihiombo-.ed  i.idi. 
Blood  escapes  into  the  subarachnoid  space,  m  e\en  into  the  -aitniui.d 
space  if  the  thrombosis  is  near  the  junction  of  the  sent  witlt  the  -.npriii.i 
longitudinal  sinus.  Byers  and  Hass  believe  that  iluotubon-.  ol  flic 
superficial  cerebral  veins  is  a  puzzling,  hut  not  uneommoii,  eomplu.t 
tion  of  serious  illness  in  infancy,  tind  because  of  the  setiurb. 
children  are  often  wrongly  assumed  to  have  sulTcred  from  -.ome 
il  obscure  encephalitis,  'fhe  ccrcbrospititil  llutd  shows  vatialde  eellul.u 
changes  according  to  the  cause,  but  the  presence  of  eryilntievte'i  ot 
of  altered  blood  from  ,subarachnoid  haemorrhage  is  an  tiupoii.uit 
diagnostic  point. 

(2)— Thrombosis  of  Superior  Longitudinal  Sinus 

Until  recently,  any  extensive  thrombosis  of  the  .superior  luitgtttuUttiil 
sinus  was  regarded  as  necessarily  ftual.  but  the  woik  of  Hvei-.  and 
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Hass,  Bailey  and  Hass  (1937,  a  and  b),  and  Symonds  suggests  otherwise. 

In  19.31  Symonds,  in  describing  a  condition  he  called  otilic  hydio- 
cephalus,  recognized  that  its  pathology  was  obscure  but  that  it  must  be 
presumed  lo  be  caused  either  by  an  excessive  secretion  of  ccrcbrospma 
fluid  from  the  choroid  plexus  or  its  defective  absorption  through  the 
arachnoid  villi.  In  a  second  paper  (1937)  he  reported  live  new  cases 
and  concluded  that  infection  of  the  lateral  sinus,  not  necessarily  with 
complete  obstruction  but  with  retrograde  thrombophlebitis  ol  the 
superior  longitudinal  sinus,  was  the  most  important  actiological  lactor. 

In  support,  he  cited  cases  of  hydrocephalus  in  which  this  sinus  was 
proved  to  be  blocked.  In  one  of  these  (fillis)  the  original  infection  had 
not  been  in  the  middle  car  but  in  the  umbilical  cord  and  thence  causei 
multiple  venous  thromboses.  With  obstruction  of  the  sinus,  the  cerebro¬ 
spinal  fluid  can  no  longer  escape  by  the  arachnoid  villi  although  it 
continues  to  be  formed  by  the  choroid  plexuses.  An  increasing  amount 
collects  in  the  ventricles  and  subarachnoid  space,  and  a  communicating 
hydrocephalus  is  the  result.  The  symptoms  can  all  be  explained  in 
terms  of  a  gradually  rising  intracranial  pressure.  II  the  sutures  have 
„ot  joined,  the  bones  of  the  vault  separate  and  the  head  enlarges.  In 
older  patients  there  arc  severe  headache,  drowsiness,  vomiting,  and 
papilloedcma.  Palsies  of  the  sixth  pair  of  cranial  nerves  and  extensor 
plantar  responses  have  been  recorded,  but  the  tlisappearancc  ol  these 
signs  with  treatment  by  lumbar  puncture  suggests  that  they  depend 
merclv  on  the  raised  i.Uracranial  pressure.  The  cerebrospinal  fluid  is  Cerebrospinal 
otherwise  normal  in  most  cases,  but  sometimes  there  is  a  slight  pleo-  • 
cytosis. 

(3)— fjateral  Sinus  Thrombosis 

Thrombosis  of  the  lateral  sinus  is  not  declared  by  any  local  sign  on 
physical  e.xamination.  Nevertheless  it  may  be  recognized  clinically  by 
the  'fobey-Ayer  test,  'fhis  is  based  upon  the  rise  of  the  pressure  ol  the 
eerebrospinal  fluid  normally  following  compression  of  the  internal 
jugular  vein.  The  pressure  is  measured  first  with  the  patient  lying  com¬ 
fortably  with  the  head  slightly  extended  and  breathing  freely.  This 
'initial  pressure’  is  normally  equal  to  120  to  140  mm.  ol  fluid  in  the 
ordinary  left  lateral  position.  The  internal  jugular  vein  is  next  com¬ 
pressed.  first  on  one  side  and  then  on  the  other.  With  each  compression 
the  fluid-level  in  the  manometer  normally  rises  swiltly  by  at  least 
100  mm.,  but  if  one  lateral  sinus  is  obstructed  the  fluid  only  moves 
slowly  or  not  at  all.  Unfortunately  for  this  te.st,  the  size  ol  the  lateral 
sinus  normally  varies  widely.  Occasionally  it  is  absent,  more  olten  it  is 
an  insignificant  channel  compared  with  its  fellow.  In  the  hrst  case 
complete  obstruction,  and  in  the  second  a  partial  mural  thrombosis 
may  be  wrongly  diagnosed.  To  avoid  this  difliculty,  brcnckncr  luis 
<lemonstrated  the  patency  of  the  sinuses  radiographically.  The  .superior 
longitudinal  sinus  is  injected  with  a  fluid  opaque  to  X-rays,  a  radiograph 
hciim  taken  at  a  suitable  interval.  It  is  early  to  say  that  this  method  is 
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free  from  risk,  but  it  appears  to  distinguish  between  an  anninaly  and 
a  thrombosis  of  the  lateral  sinus, 

(4) — Cavernous  Sinus  Thrombosis 

The  classical  picture  of  cavernous  sinus  thrombosis  is  scon  when  ils 
anterior  portion  is  affected.  There  is  extreme  proplosis,  wiili  oedema 
of  the  skin  of  the  eyelids,  chcniosis,  cngorgcnicirt  of  the  vessels  of  the 
conjunctiva  and  of  the  retina,  papilloedcina  with  widely  seatlei-ed 
haemorrhages,  and  paralyses  of  the  third,  fourth,  and  sixth  enmia! 
nerves.  If,  however,  only  the  posterior  part  of  the  sinus  is  ihromhosed, 
all  evidence  of  interference  with  the  venous  drainage  of  the  eye  may 
be  absent,  the  signs  being  limited  to  affection  of  the  nerves  embedded 
in  the  wall  of  the  sinus.  In  such  cases  the  infection  has  usually  reached 
the  sinus  from  the  pterygoid  plexus  or  as  ii  retrograde  extension  Irooi 
the  lateral  sinus  or  internal  jugular  vein  by  way  <.)!'  the  petrosal  sinuses. 
Tonsillar,  nasopharyngeal,  or  otitic  symptoms  will  therefore  have 
preceded  the  thrombosis.  If  there  is  a  spread  to  Ihc  opposite  sirle  by 
way  of  the  inter-cavernous  sinuses,  then  all  or  some  of  these  symptoms 
may  be  bilateral. 

3.-COURSE  AND  PROGNOSIS 

It  might  be  thought  both  that  the  course  of  the  illness  was  more  rapidly 
deteriorating  and  that  its  outlook  more  hopeless  in  the  septic  than  in 
the  non-infective  group  of  cases,  but  it  is  impossible  to  make  any  such 
generalization.  On  the  one  hand,  the  eloUing  of  a  vein  iVoat  ud'jaeeiit 
sepsis  does  not  necessarily  imply  invasion  of  the  thrombus  or  of  the 
blood-stream  by  living  organisms;  on  the  oilier,  the  non-iiifeetive  fuanpi 
is  composed  of  young  infants  already  gravely  ill  at  the  time  of  the 
thrombosis.  If  a  septic  case  remains  unlrcalod,  bacterial  invasion  of 
the  thrombosed  vein,  purulent  liquefaction  of  the  clot,  (lyaeinia,  and 
meningitis  will  inevitably  lead  to  a  fatal  tormimUion.  Such  a  sequence, 
however,  is  rare  to-day,  at  least  in  thrombosis  of  the  lateral  siims,  in 
itself  by  far  the  commonest  example  of  septic  thrombophlebitis.  In 
otitic  hydrocephalus,  the  outlook  is  good  if  the  pressure  of  the  ccrebi-u- 
spinal  fluid  is  kept  within  normal  limits  by  lumbar  puncture,  flic 
prognosis  is  far  less  good  in  septic  thrombophlebitis  of  the  cavernous 
sinus.  The  infection  nearly  always  reaches  this  sinus  by  way  of  its 
tributary  veins  and  is  well  established  in  the  clot  by  the  lime  the  case 
comes  under  observation.  Moreover,  the  pulsations  ol‘  the  internal 
caroffd  artery  and  the  great  number  of  tributary  channels  arc  factors 
tending  towards  the  early  dissemination  of  purulent  malerial.  Most 
patients  die  whatever  is  done.  Thrombosis  involving  iiianv  of  the 
superficial  cerebral  veins  is  probably  not  compatible  wilh'life  but 
lesser  degrees  may  be  followed  by  gradual  improveineut  with  such 
permanent  sequels  as  mental  deterioration,  epilepsy,  or  hemiplegia. 
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Thromboses  arising  secondarily  to  diffuse  purulent  leptomeningitis 
weigh  the  balance,  already  overloaded,  against  recovery. 

4 -DIAGNOSIS  AND  DIFFERENTIAL  DIAGNOSIS 

The  diagnosis  of  thrombosis  of  the  dural  sinuses  or  superficial  cerebral 
veins  has  been  sufficiently  indicated  already.  Otitic  hydrocephalus  alone 
needs  further  discussion.  The  symptoms  and  signs  of  a  rising  intra¬ 
cranial  pressure  in  otitis  media  may  suggest  the  more  serious  intra¬ 
cranial  abscess,  but  the  general  condition  of  the  patient  is  distinctive. 
In  otitic  hydrocephalus  he  is  in  fair  health,  alert,  and  interested  in 
his  surroundings,  particularly  after  lumbar  puncture;  in  abscess,  an 
enduring  physical  and  mental  depression  is  evidence  of  a  profound 
general  toxaemia.  The  examination  of  the  fluid  is  of  less  help,  as  a  mild 
localized  meningitis  related  to  the  original  lateral  sinus  thrombosis 
may  cause  a  slight  pleocytosis  in  the  usually  normal  fluid  of  otitic 
hydrocephalus.  Conversely,  many  cases  of  well  encapsulated  deep 
cerebral  abscess  may  run  their  course  without  alteration  in  the  number 
of  cells.  If  the  thrombosis  of  the  superior  longitudinal  sinus  is  not 
secondary  to  otitis  media  but  to  some  distant  thrombophlebitis,  the 
presence  of  papilloedema  may  be  taken  to  indicate  an  intracranial 
new  growth.  The  absence  of  definite  localizing  signs,  the  non-progressive 
course,  and  the  dramatic  improvement  following  the  removal  of  even 
quite  small  amounts  of  cerebrospinal  fluid  will  reveal  the  true  diagnosis. 


5.-TREATMENT 

In  the  infective  class,  the  first  aim  of  therapy  must  be  to  eradicate  preventive 
any  sepsis  capable  of  spreading  to  the  sinuses.  Much  of  this  treatment 
must  be  operative,  the  details  of  which  cannot  be  discussed  here,  but 
the  sulphanilamide  preparations  are  valuable  adjuvants,  although  it  is  Sulph-  ^ 
doubtful  if  they  can  replace  surgery  when  purulent  foci  are  already 
established.  In  the  non-infective  class,  the  control  of  acute  gastro¬ 
enteritis  or  at  least  the  extreme  degrees  of  dehydration  caused  by  this 
disease  should  be  the  greatest  factor  in  prophylaxis.  Intravenous 
therapy  is  probably  best  avoided  in  such  cases. 

A  formed  thrombus  cannot  be  attacked  surgically  in  any  of  the  intra-  Surgical 
cranial  veins  or  sinuses  except  the  lateral  sinus.  Even  in  this  situation 
the  wisdom  of  doing  so  is  doubtful  unless  the  clot  is  proved  to  be 
purulent,  in  which  case  the  sinus  must  be  drained  like  any  other  abscess 
cavity.  Surgery  may  also  help  indirectly  in  the  treatment  of  established 
cavernous  sinus  thrombosis,  not  only  in  assuring  a  thorough  drainage 
of  the  septic  process  by  the  track  along  which  it  reached  the  sinus  but 
in  placing  the  sinus  at  rest  by  ligature  of  the  carotid  artery.  A  chance  of 

is  thus  given  of  consolidation  of  the  clot  and  limitation  of  the  spread 
of  sepsis  within  it. 
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The  symptomatic  and  curative  value  of  repealed  lumbar  punelure  in 

otitic  hydrocephalus  has  111 rciidy  been  meiilioiieil.  I  he  oneet  is  usually 

dramatic  aad,  since  Symoads'  paper  in  ld.t7,  this  ireatuicnl  isjuslilied 
as  much  theoretically  as  in  practice.  I  he  jirocedtiie  is  without  dani’ci, 
provided  the  fluid  is  withdrawn  slowly  and  its  pressure  is  never  allowed 
to  fall  below  normal.  A  manometer  is  llierel'ore  essential,  several 
pressure-readings  being  taken  at  intervals  alter  the  lemuval  ol  small 
amounts  of  fluid.  Punelure  is  repeated  if  symptoms  return  am!  may  liave 
to  be  performed  at  gradually  increasing  intervals  ol  a  lew  days  lor  a 
few  weeks. 
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14831  So  variable  are  the  size  and  shape  of  the  thymus  at  different 
ages  that  anatomical  descriptions  are  conflicting,  and  so  scanty  are  the 
established  facts  concerning  its  function  that  it  is  in  most  instances 
impossible  to  correlate  the  clinical  pictures  commonly  attributed  to 
disease  of  the  thymus  with  the  knowledge  of  its  function  obtained  from 
such  experimental  procedures  as  its  excision  and  mjection  of  its  extracts. 
Certain  syndromes  have  been  attributed  to  disease  of  the  hymns 
mainly  on  two  grounds:  (i)  that  their  symptoms  are  sufficiently  often 
associated  with  what  is  interpreted,  on  radiological  or  post-mortem 
evidence,  as  enlargement  of  the  thymus  that  a  causal  relationship  may 
be  justifiably  assumed;  and  (ii)  that  with  the  shrinkage  of  the  organ,  for 
example  as  age  advances  or  after  radiotherapy,  the  symptoms  disappear. 

l.-EMBRYOLOGY  AND  ANATOMY 

The  thvmus  lies  in  the  lower  neck  and  superior  mediastinum.  It  has 
two  lobes  bound  together  by  ensheathing  fascia.  Its  immediate  anterior 
relations  are  the  manubrium  sterni,  and  the  sternohyoid  and  sterno¬ 
thyroid  muscles,  with  pleura  overlapping  the  lower  poles;  it  lies  on 
thi  trachea  and  the  left  innominate  and  inferior  thyroid  veins,  the 
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aortic  arch,  innominate  and  left  common  enrol  id  arlerics.  and  llic 
phrenic,  vagus,  and  recurrent  laryngeal  nerves,  and  iuierit>rly  il  reaches 
the  pericardium.  Its  hlood-supply  comes  iVom  (lie  uilernal  manmiary 
and  the  superior  and  inferior  thyroid  arteries,  and  it  receives  blanches 

from  both  the  vagus  and  sympathetic  nerves. 

Its  lobes  are  composed  ot  many  lobules  or  tolliclcs,  tiiid  in  each 
follicle  can  be  recognized  cortex  and  medulla  (see  lag.  2).  The  coiies 


Fig.  Z—Section  of  thymus  gland  (<i  x  120,  and  h  x4)  showing  lobules  dillcrciuiatcd 
into  cortex  and  medulla;  the  more  darkly  staining  lymphocytes  of  the  cortex  and 
the  more  lightly  staining  thymocytes  with  numerous  liassall's  corpuscles  can  he 
seen  in  the  medulla;  small  square  indicates  the  lield  which  is  seen  enlarged  m  (a) 

is  made  up  of  compact  lymphoid  tissue;  the  medulla  contains  (i) 

lymphoid  cells  in  smaller  numbers  than  the  cirrlcx,  (ii)  thymocytes, 
large  cells  derived  from  the  original  epithelial  elements,  and  (iii) 
HassalTs  corpuscles. 

The  lobes  arise  from  the  ventral  diverticulum  of  the  third,  sometimes 
the  fourth,  branchial  cleft.  The  parathyroids  arise  from  the  dorsal 
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diverticulum  of  the  same  clefts;  this  explains  the  occasional  presence 
in  a  case  of  generalized  osteitis  fibrosa  of  a  parathyroid  tumour  not 
in  its  expected  site,  but  in  the  superior  mediastinum,  in  contact  with  or 
embedded  in  the  thymus.  It  is  moreover  of  interest  in  this  connexion 
that  a  possible  relation  of  the  thymus  gland  to  calcification  has  been 
suggested  by  the  work  of  more  than  one  investigator. 

For  several  reasons  the  average  size  of  the  normal  gland  at  different 
ages  is  not  established  with  certainty.  The  gland  rapidly  shrinks  m 
starvation  and  disease  so  that  information  derived  from  necropsies  in 
morbid  conditions  is  not  applicable  to  the  healthy  gland.  It  might  then 
be  thought  that  sudden  death  in  health  would  afford  suitable  data. 

But  in  these  cases  it  is  alleged  that  one  of  the  factors  responsible  for 
sudden  death  is  an  unusually  large  thymus,  status  thymico-lymphaticus. 

Hence  the  only  cases  which  can  justifiably  be  used  to  establish  the 
normal  growth  and  size  of  the  thymus  are  those  in  which  sudden  death 
has  resulted  from  great  violence  or  extensive  injury.  Hammar  showe 
that  there  is  a  gradual  increase  in  the  size  of  the  gland  until  puberty,  size 
followed  by  a  very  slow  involution,  but  remnants  of  thymus  may  persist 
even  in  old  age.  He  gave  the  following  average  weights;  at  bir*,  13 
grams;  at  5  years,  23  grams;  at  10  years,  26  grams;  at  puberty,  37 -5 
grams;  and  at  20  years,  25  grams.  Similar  findings  were  recorded  by 
Young  and  Turnbull,  who  stated  that  at  birth  the  average  weight 
of  the  gland  is  21  grams;  there  is  a  gradual  increase  to  34  grams  at 
puberty,  and  then  a  gradual  decline  to  15  grams  by  middle  age. 
Bratton,  however,  found  a  rapid  increase  in  size  in  the  first  two  years 
of  life,  followed  by  a  very  slight  shrinkage  until  the  seventh  year,  then 
increase  until  the  twelfth  year,  after  which  involution  slowly  occurred. 


2.-PHYSIOLOGY 

Although  the  thymus  occurs  in  all  vertebrates,  no  clue  to  its  function 
has  yet  been  obtained  from  its  comparative  anatomy.  It  has  been 
variously  regarded  as  (i)  a  part  of  the  lymphatic  system,  (u)  a  vestigial 
structure,  a  view  suggested  by  its  epithelial  origin  and  its  tendency  to 
lymphoid  transformation  (compare  the  vermiform  appendix),  and  (ui) 
an  endocrine  gland.  Most  often  it  is  discussed  in  the  last  category.  ^ 
Attempts  to  determine  the  functions  of  the  thyrnus  have  fo  owe  ^m 
the  main  those  methods  which  have  yielded  fruitful  results  in  investi- 
gating  the  endocrine  glands,  namely,  (i)  removal  of  the  gland  at  different 
ages  (ii)  administration  orally  and  parenterally  of  the  gland  or  its 
extracts,  and  (iii)  correlation  of  clinical  observations  with  findings  at 
necropsy.  Up  to  the  present  the  results  thus  obtained  have  not  been 
sufficiently  clean-cut  and  consistent  to  correlate  the  experimental  and  _ 

"tech  first  Xwed  that  experimental  thymectomy  produced  softemng 
of  bones  resembling  rickets,  and  Klose  and  Vogt  not  only  confirmed 
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this  but  reported  that  thymectomy  was  iollcwccl  alter  a  latent  pciiod 
by  adiposity  and  then  cachexia  'whicli  led  to  deatli  Irom  milnlioiial 
disturbances.  Park  and  McClure,  IVom  an  invcsligatirui  on  dogs,  con¬ 
cluded  that  the  thymus  is  not  essential  to  life  in  the  dog:  and  its  extir¬ 
pation  does  not  produce  detectable  alteration  in  the  hair,  teeth,  camUnir 
of  the  body,  muscular  development,  strength,  activity,  i>r  inlelligonce 
of  the  experimental  animal.  Their  work  suggests  that  thymectomy 
probably  does  not  influence  growth  or  development,  but  tlie  po.ssibilily 
that  it  may  retard  development  and  union  ol  the  cpiphy.scs  cannot  lx 
absolutely  excluded.  Extirpation  of  the  thymus  probably  docs  not 
induce  any  alterations  in  the  endocrine  organs.  Possibly  it  may  he 
responsible  for  well  marked  changes  in  the  organs  of  internal  secretion 
in  the  period  immediately  following  thynicclomy,  which  was  not 

covered  in  the  experiments  of  Park  and  McClure. 

The  possibility  of  damage  to  the  parathyroid  glands  during  extirpa¬ 
tion  of  the  thymus  as  a  cause  of  the  bone  cluingcs  has  ii<U  tx-en 
adequately  considered  but  deserves  notice  because  in  stmic  animals 
thymectomy  rendered  the  pcriplicral  nerves  more  cxcitalile  to  gal¬ 
vanism,  a  symptom  of  tetany. 

A  possible  relation  of  the  thymus  to  calcilication  is  suggested  try  two 
observations  on  birds.  Soli  found  that  alter  thymectomy  pullets  lein- 
porarily  laid  eggs  without  shells,  and  Riddle  showed  lhal  pigeons 
which  at  necropsy  had  a  defective  thymus  occasionally  had  laid  egg.s 
deficient  in  shell. 

Although  Gudernatsch  reported  a  rapid  increase  in  the  grtivvlh  of 
tadpoles  after  thymus  feeding,  he  accepted  Uhlenmuth’s  view  that  this 
was  not  a  specific  glandular  effect  but  the  result  of  Iho  milrilivc  value 
of  a  thymus  diet.  In  1930  Asher  found  that  the  daily  administra¬ 
tion  of  an  aqueous  thymus  extract,  ‘Ihyinocrescin’,  overcame  the  loss 
of  weight  following  on  a  vitamin-t'rcc  diet,  stiinulaled  growth,  and 
increased  the  size  of  the  gonads. 

The  most  striking  effects  on  growth  in  rats  was  reported  by  Rownlrcc 
and  his  co-workers  who  injected  intraperitoncally  daily  for  sixteen 
months  into  successive  generations  of  rats  a  thymus  extract  prepared 
by  Hanson  (‘karkinolysin’,  so  called  because  it  was  intenilcd  for  Ihc 
treatment  of  cancer).  In  the  first  generation  the  treated  lest  animals 
were  heavier,  bred  more  frequently,  and  had  larger  litters  of  heavier 
average  weight  per  rat.  Little  of  note  appeared  in  the  second  generation 
in  the  first  six  litters  cast,  but  in  the  later  litters  (llic  seventh  to  the 
eleventh)  precocity  appeared.  In  the  tenth  and  eleventh  litters  the 
animals  were  larger  than  normal,  teeth  erupted  on  the  second  day, 
and  the  eyes  opened  on  the  tenth  day.  In  the  animals  of  the  third 
to  seventh  (F2  to  F6)  generations,  striking  and  accruing  precocity, 
and  acceleration  in  growth  and  development  were  noted  in  the  off¬ 
spring  of  each  succeeding  generation  under  treatment.  Similar  ellccts 
were  not  observed  from  thymus  feeding.  Investigations  on  the  blood 
made  throughout  the  series  showed  no  change  in  the  haemoglobin  or  red 
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or  white  cell  counts,  but  there  were  significant  changes  in  the  calcium  and 
phosphorus  contents  of  the  plasma.  In  contrast  to  the  normal  values  of 
9  to  11  mgm.  of  calcium  and  3  to  4  mgm.  of  phosphorus  per  100  c.c., 
the  second  to  fourth  generations  had  11-4  to  12-3  mgm.  (average  12-3 
mgm.)  of  calcium  and  4'0  to  7-5  mgm.  (average  6-1  mgm.)  of  phos¬ 
phorus  respectively.  Radiographs  of  the  test  animals  showed  (i)  an 
increase  in  the  size  of  bones  in  all  dimensions,  especially  the  length  of 
the  diaphyses,  (ii)  earlier  appearance  of  centres  of  ossification  in  the 
epiphyses,  and  (iii)  earlier  calcification  and  union  of  diaphyses  and 
epiphyses.  These  investigators  found  that  small  doses  of  the  extract 
had  no  effect  on  the  heart  but  that  with  large  doses  the  blood-pressure 
fell  and  death  occurred  from  complete  heart-block,  a  fact  not  yet 
capable  of  correlation  with  the  sudden  death  of  so-called  status  thymico¬ 
lymphaticus.  Their  results  were  summarized  thus:  ‘The  continuous 
administration  of  thymus  extract  (Hanson)  results  in  marked  precocity 
in  the  offspring  of  treated  parents  after  the  second  generation.  The 
young  show  increased  growth  and  development,  small  adrenal  glands 
and  lymphatic  hyperplasia,  specially  marked  in  the  glandular  struc¬ 
tures  of  the  intestine,  but  they  show  no  susceptibility  to  sudden  death 
from  fright,  the  use  of  the  hypodermic  needle,  immersion  in  cold 
water,  or  from  operation  or  anaesthesia.’ 

Lee  and  Ayer  obtained  similar  results  by  injecting  glutathione,  which, 
they  suggest,  is  the  effective  principle  in  the  extract  used  by  Rowntree, 
Clark,  and  Hanson.  Marangoni  obtained  similar  acceleration  of  growth 
in  successive  generations  of  yeast-fed  guinea-pigs;  yeast  contains  gluta¬ 
thione. 

Unlike  hyperpituitary  rats,  these  hyperthymic  rats  do  not  become 
giants  because  their  rapid  rate  of  growth  decreases  from  the  second 
month.  Thymectomy,  however,  in  four  successive  generations  of  ex¬ 
perimental  animals  has  given  rise  to  retardation  in  the  rate  of  growth 
and  to  a  slight  delay  in  the  rate  of  development  (Einhorn  and  Rowntree). 


3.-RELATION  OF  THYMUS  TO  ENDOCRINE 
SYSTEM 

In  an  endeavour  to  ascertain  the  relation  of  the  thymus  to  the  endocrine 
glands,  extensive  experimental  and  clinical  observations  have  been 
made,  but  the  recorded  changes  are  confusing  and  often  contradictory. 
The  most  significant  findings  may  be  summarized  as  follows. 

Marine,  Manley,  and  Baumann  showed  that  thyroidectomy  hastened 
the  physiological  involution  of  the  thymus.  Aschoff  described  hyper¬ 
trophy  of  the  thyroid  after  thymectomy.  Scott  Williamson  and  Pearse 
regarded  the  thymus  as  a  lymph  reservoir  for  the  thyroid.  Clinical 
observations  show  that  ‘thymic  hyperplasia  is  constant  in  toxic  goitre 
in  patients  under  40  and  in  half  the  patients  over  that  age’  (Blackford 
and  Freligh).  In  infantile  myxoedema  the  thymus  is  atrophied. 
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Though  many  negative  results  have  been  rccordcti,  Ihc  woighi  of 
evidence,  both  experimental  and  clinical,  suggests  that  gonadeejomy 
delays  thymic  involution  in  both  males  and  temules.  In  (he  rabbit  it 
has  been  shown  (Lucien  and  Parisot)  that  the  onset  of  thymic  invoiut  ion 

coincides  with  spermatogenesis. 

Cushing  found  persistence  of  the  thymus  in  dystrophia  adiposo- 
genitalis,  and  that  experimental  hypophysectomy  was  followed  by 
thymic  hyperplasia.  In  hyperpituitary  gigantism  and  acromegaly  the 
thymus  is  said  to  be  enlarged. 

Marine  and  his  co-workers  found  that  adrenalectomy  not  only  delays 
involution  of  the  thymus  and  lymphoid  tissues  but  actually  causes 
their  regeneration.  Conversely,  thymectomy  has  been^  lollowcd  by 
adrenal  cortical  hyperplasia.  In  Addison’s  disease  there  is  hyperplasia 
of  the  thymus.  For  the  clinical  syndromes  attributed  to  thymic 
hyperplasia  and  said  to  benefit  by  adrenal  cortical  extracts,  see  imge  .Ll. 
These  observations  suggest  that  (i)  although  disturbance  of  tlie 
thyroid,  gonads,  pituitary,  and  adrenals  leads  to  fairly  constant  ami 
well  defined  changes  in  the  thymus,  experimental  thymectomy  is 
followed  by  inconstant  and  indefinite  changes  in  the  eiHlocriiic  g, lands; 
(ii)  thymic  changes  in  endocrine  disturbances  are  part  of  the  general 
growth  changes  (skeletal  and  sexual)  which  lollow  these  distui  banccs 
and  are  not  specific  to  the  thymus;  and  (iii)  the  thymic  hyperplasia 
associated  with  thyrotoxic  states  is  not  an  indication  of  a  reciprocal 
endocrine  relation  between  thyroid  and  thymus  but  simply  a  part  ol 
the  general  lymphoid  hyperplasia  which  accompanies  thyrotoxicosis. 


4.-DISEASES  OF  THE  THYMUS  GLAHD 

Interest  in  disease  of  the  thymus  gland  has  centred  not  in  the  well 
defined  morbid  conditions,  such  as  infections,  to  which  it  is  rarely 
subject,  hut  in  a  group  of  symptoms  varying  from  breath-holding  spells 
to  sudden  death,  which  has  been  attributed  to  persistence  or  hyper¬ 
plasia  of  the  thymus— -the  so-called  ‘status  thymico-lymphaticus’. 
Congenital  absence  has  been  recorded  without  any  other  luairornia- 
tions,  but  it  is  not  uncommon  in  anencephaly  and  is  occasiunally 
noted  in  the  still-born.  Accessory  thymus  nodules  may  be  I'ouiul  in  the 
thyroid  region  and  the  superior  mediastinum  and  very  rarely  as  sulv 
cutaneous  tumours  in  the  neck.  It  is  suggested  that  some  dccp-scatccl 
carcinomas  of  the  neck  may  originate  in  accessory  thymic  tissue. 
Atrophy  of  the  gland  occurs  in  malnutrition  from  any  cause,  c.g. 
starvation  and  prolonged  infection.  It  differs  from  the  normal  involu¬ 
tion  of  the  thymus  in  showing  fibrosis  without  fiit  Ibrination;  involution 
is  accompanied  by  a  progressive  replacement  of  the  parenchyma  by 
fatty  tissue. 

Petechial  haemorrhages  of  no  clinical  significance  occur  in  asphyxia, 
whatever  the  cause,  and  haemorrhagic  blood  diseases.  Larger  extrava- 
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sations  may  occur  in  acute  infections  and  have  been  described  in 
syphilis  of  the  new-born  (Friedleben). 

Acute  thyraitis  is  extremely  rare  as  a  primary  condition, 
abscesses  have  been  found  in  pyaemic  states  and  extending  from 
neighbouring  viscera.  Swelling  of  the  thymus  has  been  reported  in 
mumps  and  other  acute  infective  diseases. 

Demme  reported  a  case  of  primary  tuberculous  thymitis,  no  other  Tuberculosis 
organ  of  the  body  being  involved  at  necropsy.  Several  observers  have 
found  the  thymus  to  be  rarely  the  seat  of  tubercles  in  generalized 

tuberculosis  of  childhood.  ,,  a  c  t-v. 

In  congenital  syphilis  multiple  small  softened  areas,  the  so-called  SypMs 
Dubois’  abscesses,  were  at  one  time  regarded  as  resulting  from  colli- 
quative  necrosis  of  HassalFs  corpuscles;  they  are  now  accepted  as 
softened  caseous  gummata  and  contain  Spirochaeta  pallida  m  large 
numbers.  The  treponema  is  found  in  the  thymus  in  the  vast  majority 
of  cases  of  congenital  syphilis  even  in  the  absence  of  any  histologica 
change.  The  occasionally  persistent  thymus  in  adults  with  generalized 
syphilitic  lymphadenitis  may  show  miliary  gummata. 

Diseases  of  the  blood-forming  tissues  ^ 

In  diseases  associated  with  generalized  lymphoid  hyperplasia 
leukaemias,  chloroma,  the  lymphoblastomas,  and  leucosarcomas--the 
thymus  may  participate.  In  rare  cases  it  may  be  the  primary  seat  of 
the  morbid  change. 

Myasthenia  gravis  _  . 

In  about  20  per  cent  of  cases  of  myasthenia  gravis  the  thymus  i 
abnormal.  Simple  hyperplasia,  hyperplasia  with  degenerative  cystic 
changes,  lymphosarcomas,  endotheliomas,  and  carcinomas  have  all 
been  described,  but  no  tenable  hypothesis  of  the  significance  of  these 
changes  in  myasthenia  gravis  is  forthcoming.  The  relation  of  the 
thymic  changes  to  the  clumps  of  mononuclear  cells— lymphorrhages 
found  in  the  muscles  and  occasionally  in  the  nervous  system  in  myas¬ 
thenia  gravis  is  unknown  though  they  are  certainly  not  secondary 
deposits  from  a  primary  thymic  neoplasm  as  Weigert  suggested  The 
occurrence  of  lymphorrhages  and  myasthenic  reactions  in  patients 
suffering  from  toxic  goitre  (Dudgeon  and  Urquhart)  recalls  the  associa¬ 
tion  of  thyrotoxicosis  and  thymic  hyperplasia. 

Benign  tumours  are  extremely  rare,  though  degenerative  cysts  and  Benign 
cysts  derived  from  epithelial  rests  of  the  embryonic  thymus  have  been 
described.  Teratomas,  including  dermoid  cysts  lying  in  the  superior 
mediastinum,  are  probably  not  of  thymic  origin.  ,  .  , 

Malignant  tumours  are  also  rare.  Most  have  the  histological  appear-  Malignm, 
ancc  of  round-celled  sarcomas  but  their  origin,  whether  from  mesoblast 
or  enloderm,  is  obscure.  It  is  doubtful  if  histological  appearances 
justify  the  more  detailed  differentiation  attempted  by  some  investigators. 

But  sarcoma  from  the  fibrous  tissue,  lymphosarcoma  from  the  lympho- 
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cytic  tissue,  perithelioma  from,  the  blood-vessels,  and  caicinoina  lioni 
the  reticulum-cells  and  Hassall’s  corpuscles  have  all  been  described. 
Many  authors  use  the  term  ‘thymoma’  to  describe  these  tumours 
arising  in  the  thymus  gland.  There  is  little  doubt  that  many  of  the 
tumours  described  as  thymogenic  originate  in  the  mediastinal  lymph 
glaads. 

Most  cases  of  ‘thymoma’  show  their  presence  by  evidence  of  pressure 
on  neighbouring  structures,  e.g.  trachea,  veins,  and  nerves,  the  resulting 
clinical  picture  being  the  sum  of  these  pressure  ellects.  The  presence 
of  a  superior  mediastinal  mass  can  be  shown  by  X-rays  (see  FMate  III,  a). 
Rarely  secondary  deposits  occur  in  the  lymphatic  glands  of  the  neck. 
The  occurrence  of  endocrine  disturbance  in  tumours  of  the  Ihyimis 
gland  has  been  noted  by  Leyton,  Turnbull,  and  Bratton  who  ob.scrvcd 
clinical  changes  apparently  identical  with  those  now  described  as  due 
to  pituitary  basophilism  (Cushing’s  syndrome)  in  two  males  aged  1 1 
and  31  years.  In  both  cases,  necropsy  revealed  that  ‘a  small-ccllcd, 
medullary  carcinoma  of  the  thymus,  was  associated  with  great  hyper¬ 
trophy  of  the  cortex  of  the  suprarenal  bodies,  functional  hypertrophy 
ofthe  thyroid  gland,  infiltration  of  the  medulla  of  t  he  suprarenal  bodies 
with  lymphocytes  and  plasma  cells,  and  latty  infiltration  ol  tbeccntics 
ofthehepaticlobules’.  Stress  should  belaid  on  the  greatly  hypertrophicii 
adrenal  cortex,  for  this  alone  may  give  rise  to  a,  syndrome  clinically 
indistinguishable  from  that  of  pituitary  basophilism.  Walters,  Wilder, 
and  Kepler  described  a  thymic  tumour,  about  5  cm.  in  diamclcr,  in  a 
patient  showing  the  adrenal  cortical  syndrome,  though  they  gave  no 
details  of  its  structure.  Duguid  and  Kennedy  described  enlargement 
of  the  adrenals,  glycosuria,  and  a  colloid  goitre  accompanying  a  small- 
celled  medullary  carcinoma  of  the  thymus  in  a  woman  aged  64  years. 
Before  a  thymus  tumour  can  be  regarded  as  a  primary  cau.se  of  ail  renal 
cortical  hypertrophy  further  evidence  of  the  association  is  ilesirablc. 

5.-STATXJS  THYMICO-LYMPHATICUS 

(Synonym. — Lymphatism) 

Few  more  controversial  problems  exist  in  medicine  than  ‘status  thymico¬ 
lymphaticus’. 

(1) — ^Thymic  Death 

In  the  vast  majority  of  cases  of  sudden  death  necropsy  reveals  a 
condition  demonstrably  incompatible  with  life.  But  occasionally  an 
apparently  healthy  child  or  young  adult  dies  suddenly  from  a  trivial 
injury,  or  without  ascertainable  cause,  and  the  most  searching  necropsy 
fails  to  reveal  any  gross  morbid  changes  in  the  vital  organs.  Such  minor 
operations  as  the  extraction  of  a  tooth,  opening  an  abscess,  circumcision, 
the  prick  of  a  needle  for  a  hypodermic  injection,  the  shock  of  sudden 
immersion  in  cold  water,  a  mild  electric  shock,  or  a  slight  scald  or 
burn,  all  of  which  can  be  tolerated  unflinchingly  by  the  overwhelming 
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mass  of  human  beings,  have  to  a  few  spelled  death.  The  reason  hypothesis 

obscure,  but  the  contribution  to  its  solution  made  by  Paltauf  in  18«y 
forms  the  basis  of  the  conception  of  status  thymico-lymphaticus 
Briefly,  he  maintained  that  in  these  cases  of  otherwise  inexplicable 
sudden  death  there  was  found  at  necropsy,  with  significant  constancy, 
an  enlarged  thymus.  He  was  not  primarily  concerned  with  how  me 
enlarged  thymus  produced  its  lethal  effects,  though  he  suppor  e 
Friedleben  in  rejecting  the  view  that  it  was  due  to  obstructed  respiration 
caused  by  the  mechanical  pressure  of  the  thymus  on  the  trachea.  H 
suggested  that  the  victims  of  this  sudden  death  from  trivial  causes  ha 
a  different  ‘body  make-up’  from  the  normal  and  that  one  of  its  mani¬ 
festations  was  an  enlarged  thymus.  Accompanying  signs  were 
olasia  of  other  lymphatic  tissues— the  lymph  glands,  tonsils,  salivary 
glands,  and  agminated  follicles  of  the  small  and  large  intestines;  a 
flabby  fat  overgrowth  of  the  body  and  hypoplasia  of  the  heart  an^d 
blood-vessels;  a  hyperplastic  bone  marrow  with  replacement  ot  the 

yellow  by  red  marrow;  and  adrenal  atrophy.  To  avert  this  tragic  ea  , 

the  habitus  must  be  recognizable  during  life  and  its  less  serious  mam- 
festalns  oteeiv^l  and  Ireatad.  To  these  latter  the  terms  •l,mphat,sm’  •hrmpte.n, 
and  ‘thymic  syndromes’  have  been  applied;  the  fatal  cases  are  referred 
to  as  ‘  thymic  death’. 

Paltauf’s  papers  were  followed  by  many  records  of  sudden  death 
from  trivial  causes  in  which  the  thymus  was  described  as  enlarged 
or  persistent.  In  recent  years,  however,  Paltauf’s  papers  and  those 
subsequently  published  have  been  subjected  to  critical  analysis,  and  /hypothesis 
emphasis  has  been  laid  on  the  fact  that  these  papers  appeared  before 
the  establishment  of  such  fundamental  data  as  the 
of  the  thymus  in  respect  of  age,  sex,  body-weight,  and  height  and  th 
effects  of  acute  illness,  wasting  diseases,  and  the  endocrine  disturbances 
already  mentioned.  It  is  to  Hammar’s  monumental  work  on  the  *ymus  Ha^iar  s 
that  we  owe  the  more  important  data.  Later  Greenwood  and  Woods, 
in  a  statistical  analysis  based  on  Hammar’s  and  their  own  ^searches 
undermined  the  whole  conception  of  status  thymico-lymphaticus  as 
Tcause  of  sudden  death.  In  a  joint  study  with  Turnbull  they  analysed 
the  data  of  some  3,500  necropsies  on  persons  up  to  the  age  of  16  and, 
comparing  their  results  with  Hammar’s,  concluded  that 
I  and  16  years  the  normal  weight  of  the  thymus  has  been  well  deter¬ 
mined’.  They  were  unable  in  the  absence  of  more  precise  knowledge 
to  answer  with  certainty  the  fundamental  question  within  what  limits 
the  weight  of  the  thymus  of  a  child  of  known  age,  height,  and  body- 
weight  could  be  described  as  normal.  They  obtained,  however,  a 
cvnle  approximation  to  the  frequency  with  which  defined  deviations 
from  the  ‘expected’  value  were  likely  to  occur;  for  example  they  found 
that  ‘for  males,  a  child  aged  9  weeks,  weighing  3-9  kilos  and  measuring 
54  cm.  would  have  on  the  average  a  thymus  weighing  16  gm.,  and  that 
only  once  in  a  thousand  would  we  expect  to  have  a  greater  weigh 
than  40  gm.  A  boy  aged  7  years,  weighing  19  kilos  and  measuring 
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109  cm  might  be  expected  to  have  a  thymus  weighing  26  gra.  and  only 
once  in  a  thousand  trials  should  we  expect  a  tliymus  ot  55  gm  A 
thymus  of  40  gm.  or  more  would  be  expected  in  7  or  b  pei  cent  ol 
children  of  this  age  and  dimensions,  in  girls,  taking  precisely  the  same 
ages  and  dimensions  (these  happen  to  be  the  approximate  means  loi 
the  boys)  we  should  expect  thymus  weights  ot  1-1-7  S'”j 

respectively,  and  one  in  a  thousand  ot  each  class  to  exceed  and 

48-8  gm.  respectively.’ 

With  these  rough  indications  of  the  limits  between  which  a  thymus 
might  reasonably  be  regarded  as  normal,  they  analysed  tlm  rccoids  ol 
21  cases  (17  male  and  4  female)  in  which  the  weight  ol  the  thymus 
exceeded  the  predicted  weight  by  an  amount  which  niiphl  occur  m 
about  1  in  44  cases  taken  at  random  and  was  therelore  well  outside 
what  might  be  regarded  as  normal  limits,  't'hcy  found  that  in  every 
instance  the  cause  of  death  was  adequately  determined.  I  hey  con¬ 
cluded:  ‘If  the  criterion  be  mere  weight  of  the  thymus,  then  status 
lymphaticus,  status  thymico-lymphaticus,  and  status  thymicus  arc 
mere  verbalisms.  Diagnoses  established  wholly  or  mainly  upon  an 
alleged  abnormality  of  weight  of  the  thymus  have  no  more  value  than 
affirmative  evidence  in  cases  of  witchcraft.  Since  it  can  seldom  be 
possible  for  a  certifying  practitioner  to  have  more  knowledge  ot  the 
thymus  than  he  will  acquire  by  putting  it  in  the  scale  pan  some  may 
even  content  themselves  with  a  visual  appreciation  it  follows  that, 
for  practical  purposes,  the  diagnosis  ought  to  be  abandoned.  In  cases 
of  sudden  death,  the  old  inquest  verdict  of  "Died  by  the  visitation 
of  God”  is  at  least  as  scientific  as  and  more  modest  than  “Status 
thymicus”  or  “lymphaticus”;  “Cause  unknown”  is  to  be  preterred  to 
either.’  Greenwood  (1930)  referred  to  status  thymicodymphaticus  as  a 
‘mere  farrago  of  random  assertion  and  debased  tradition'. 

A  joint  committee  of  the  Medical  Research  Council  and  the  Patho¬ 
logical  Society  of  Great  Britain  and  Ireland  was  set  up  in  January  1926 
to  collect  on  a  large  scale  information  on  the  weights  and  measurements 
of  the  thymus  and  to  investigate  closely  the  precise  cause  of  death  in 
persons  dying  suddenly  from  unexplained  or  trivial  causes  who  at 
necropsy  were  found  to  have  an  enlarged  thymus.  I  his  investigation 
Deaths  due  to  analysed  twenty-three  cases  in  which  death  was  attributed  to  anaes¬ 
thetics  or  shock,  in  only  four  of  which  was  the  thymus  considered 
abnormally  large  for  the  age;  in  one  a  major  operation  had  been  per¬ 
formed,  and  in  another  purulent  bronchitis  with  dilatation  of  the  right 
ventricle  and  hypertrophy  of  the  thymus  were  noted  at  necropsy. 

The  committee  found  thymic  changes  in  two  of  the  cases  not  attribut¬ 
able  to  shock  or  anaesthesia;  the  first,  a  five-year-old  male,  died  after 
tonsillectomy  under  general  anaesthesia;  at  necropsy  blood  was  found 
in  the  bronchioles  and  alveoli  of  the  lungs  and  in  the  stomach. 
This  boy’s  thymus  weighed  99-2  grams,  thus  exceeding  the  normal 
average  for  his  age-group  by  more  than  live  times  the  standard 
deviation,  and  was  said  to  have  encircled  the  trachea,  but  an  adequate 
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cause  of  death  was  asphyxia  from  the  aspirated  blood.  The  thymus  of 
the  second  case,  a  female  child  aged  two,  weighed  14-2  grams,  thus 
exceeding  half  the  value  of  the  normal  average  of  this  age-group.  She 
was  admitted  to  hospital  with  marked  laryngeal  stridor;  immedmte 
tracheotomy  without  an  anaesthetic  was  performed  and  she  died. 

There  was  not  any  evidence  at  necropsy  of  diphtheria  or  laryngeal 
obstruction  and,  although  death  was  attributed  clinically  to  thymic 
asthma  and  status  lymphaticus,  a  relatively  small  thymus  had  been 
fourid. 

This  joint  committee  concluded  that  ‘the  facts  elicited  in  the  present  Committees 
inquiry  are  in  harmony  with  those  of  Hammar  (1926  and  1929)  and 
Greenwood  and  Woods  (1927),  in  affording  no  evidence  that  so-called 
“status  thymico-lymphaticus”  has  any  existence  as  a  pathological 
entity’.  Hammar  believed  that  in  those  whose  death  cannot  be  ex¬ 
plained  by  obvious  morbid  changes  there  might  be  a  disturbed  endocrine 
balance,  of  which  changes  in  the  histological  steucture  of  the  thymus 
are  a  part.  But  these  stigmata  would  have  a  statistical  significance  only 
and  be  extremely  difficult  to  demonstrate  even  by  an  expert  in  histo¬ 
logical  technique. 

Greenwood  in  1930,  assisted  by  further  observations  on  the  weight 
of  the  thymus,  examined  Hammar’s  further  data  arithmetically.  He 
formed  two  groups,  (i)  in  which  an  adequate  cause  of  death  was  found, 
and  (ii)  in  which  death  occurred  from  some  trivial  or  non-demonstrable 
cause;  he  then  examined  the  structural  character  of  the  thymus  m  these 
groups  to  discover  whether  they  were  thereby  significantly  differentiated. 

The  numerical  characters  which  Hammar  used  were:  (i)  the  gross 
weight  of  the  thymus  in  grams,  (ii)  the  ratio  of  cortex  to  medulla,  (iii) 
the  ratio  of  the  number  of  Hassall  bodies  with  diameters  from  26  to 
50a  to  the  number  with  diameters  from  10  to  25^,  and  (iv)  the  ratio 
of  the  number  of  Hassall  bodies  with  diameters  51  to  100/x  to  that  of  The  Hassall 
those  with  diameters  26  to  50/a.  Hammar  regarded  (iii)  and  (iv)  as 
indices  of  progressive  or  regressive  changes  in  the  thymus.  Greenwood 
investigated  whether  these  groups  could  be  differentiated  not  only  by 
differences  in  mean  values  for  Hammar’s  four  indices  but  also  by 
greater  variability  around  the  mean.  These  two  criteria  are  both  clinic¬ 
ally  and  biologically  significant.  If  there  are  significant  differences  in 
the  size  of  the  thymus  in  the  two  groups,  then  the  group  differentiation 
would  be  of  value  for,  and  applicable  to,  individual  cases.  All  reliable 
data  tend  to  support  the  view  that  such  differences  between  the  means 
of  the  two  groups  do  not  exist  and  are  therefore  not  of  any  value  for 
individual  differentiation.  If,  however,  there  are  in  the  two  groups 
significant  differences  of  variation  around  the  mean,  it  merely  implies 
that  the  group  showing  the  more  marked  variation  is  less  true  to  type 
and  less  stable  than  the  normal  group.  It  does  not  imply  that  the 
criterion  is  of  any  special  value  in  differentiating  the  two  groups.  A 
careful  study  of  Hammar’s  data  shows  that  there  is  this  greater  vari¬ 
ability  around  the  mean  in  the  ‘sudden  death  group’,  a  fact  which 
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Greenwood’s  analysis  confirms.  The  conclusion  is  IhcM-clorc  justilicil 
that  ‘those  who  die  suddenly  are  likely  to  have  heavier  tliyinuscs  than 
normal  persons,  but  they  are  also  likely  to  have  liifiiler  thymuses 
than  others’. 

In  the  ratio  of  cortex  to  medulla  there  appears  to  lie  a  uillerence  m 
the  mean  values  of  the  two  groups,  but  it  tends  to  disappear  when  the 
data  are  correeted  for  age,  and  there  is  no  appreciable  ililVerenec  m 
the  variabilities  of  the  index  in  these  two  grouiis.  The  lirsl  llassall 
ratio,  i.e.  the  ratio  of  the  number  of  llassall  bodies  with  diameters 
from’ 26  to  50fA  to  the  number  with  diameters  from  10  to  slunvs 
differentiation  of  both  means  and  variabilities,  there  bciiij!:  no  indication 
of  a  sufficiently  strict  association  between  age  and  ratio  (or  ag.e  corrcc 
tions  to  alter  this  conclusion.  The  second  llassall  ratio,  i.e.  the  ratio 
of  the  number  of  Hassall  bodies  with  diameters  irom  .*>1  to  llK)/(  to 
that  of  those  with  diameters  from  26  to  .fiO/r,  shows  no  dillerentiation. 
either  in  mean  or  variability. 

A  careful  enumeration  of  the  Hassall  bodies  might  therclore  helii  in 
group  differentiation  but  as  an  individual  criterion  is  useless.  'lo  quote 
Greenwood;  ‘The  suggestion  is  that  the  thymus,  if  examined  as  few 
men  are  likely  to  examine  it,  might  alTord  dillcrcntiae  ol  the  )M'ou(r,s 
which  interest  us,  so  that,  almost  hidden  by  the  masses  of  nonsense  a  ml 
bad  observation  which  form  the  bulk  of  the  literature  ol  status  thymico 
lymphaticus,  a  little  truth  may  be  discerned.  What  has  not  been  shown 
or  even  made  faintly  probable  is  that  an  equally  painstaking  study  of 
other  organs  or  functions  (bodily  or  psychic)  would  not  have  revealed 
at  least  as  clear-cut  group  differentiae.’ 

The  available  evidence  then  affords  no  justilication  for  regarding,  the 
thymus  either  as  primarily  responsible  for  these  unexplained  cases  of 
sudden  death  or  as  an  index  of  these  bodily  disturbances  wliich  ;iccom- 
pany  this  tendency.  The  greater  variability  in  the  size  of  the  thymus 
indicates  solely  the  greater  instability  of  this  group.  The  term  ‘sialus 
thymico-lyraphaticus’  is,  on  the  present  evidence,  a  meaningless  term 
giving  an  air  of  profundity  to  what  is  a  confession  oi'  igaiorancc,  for 
it  can  mean  only  that ‘this  person  has  died  suddenly  from  an  unexplained 
or  trivial  cause’. 

(2)— Thymic  Syndromes 

So  long  as  the  conception  of  ‘thymic  death’  received  general  support 
it  was  natural  that  efforts  should  be  made  to  recognize  the  predispo.sition 
during  life.  The  rather  plump  pasty  child,  sluggish  botli  intellectually 
and  physically,  with  enlarged  tonsils  and  adenoids  and  a  few  enlarged 
superficial  lymphatic  glands,  and  developing  rather  late  sexually  was 
regarded,  without  any  supporting  evidence,  as  especi;illy  prone  lo 
thymic  death.  It  might  have  been  anticipated  that  as  these  children 
were  not  good  average  specimens  they  would  be  less  likely  to  resist 
the  ordinary  stresses  of  life.  Apart  from  this  supposed  predisposition 
to  ‘thymic  death’  various  clinical  syndromes  in  infancy  and  childhood 
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have  been  ascribed  to  thymic  hyperplasia  or  persistence.  In  these, 
certain  symptoms  are  alleged  to  be  associated  with  radio  ogica  y 

demonstrable  enlargement  of  the  thymus  and  to  disappear  when  the 

gland  shrinks  as  a  result  of  age  changes,  radiotherapy,  or  medicinal 

treatment.  .  „  • , 

Among  the  described  syndromes  are  the  following:  ‘During  a  paroxysm  Breath- 
of  crying  occasioned  by  an  injury  or  an  attack  of  temper,  the  chiW 
holds  its  breath,  becomes  cyanotic  and  usually  falls  to  the  ground. 

The  suffocative  attack  is  at  times  accompanied  by  a  transient  loss  of 
consciousness  and  may  be  followed  by  a  period  of  hstlessness,  seim- 
stupor  and  pallor  of  some  minutes’  duration.  The  attacks  may  be 
infrequent,  i.e.  once  a  month  or  they  may  occur  several  times  in  one 
day’  (Morgan,  Rolph,  and  Brown).  This  description  is  that  of  an 
epileptiform  seizure  and  it  is  known  that  crying  in  children  and 
coughing  in  adults  occasionally  give  rise  to  similar  attacks  even  in 
the  absence  of  demonstrable  thymic  enlargement.  They  have  then 
been  attributed  to  disturbances  of  cerebral  circulation,  either  from 
venous  congestion  or  from  reflexes  analogous  to  the  carotid  sinus 
reflex,  with  resulting  slowing  of  the  heart  and  fall  in  blood-pressure. 

The  relation  of  these  attacks  to  thymic  enlargement  is  based  on  the 
alleged  striking  effects  of  treatment.  In  one  series  of  twenty-nine  cases, 
twenty-seven  were  said  to  be  free  from  attacks  after  two  to  three 

treatments.  .  , ,  ,  j  j  o 

The  child  is  subject  to  sudden  fainting  spells,  being  blanched  and  Syncope 

limp,  with  shallow  respiration  and  almost  imperceptible  pulse.  During 
feeding  the  child  chokes  and  goes  blue,  ‘as  if  the  food  had  gone  the 
wrong  way’.  Cyanosis  is  often  accompanied  by  choking  attacks,  but 
not  crying.  Sometimes  it  is  said  to  date  from  birth  and  thymic  enlarge¬ 
ment  is  held  responsible  for  certain  cases  of  asphyxia  neonatorum. 

Stridor,  which  is  most  marked  during  inspiration  and  may  be  present  Smdor 
only  with  catarrhal  infections  of  the  upper  respiratory  tract,  is  said 
to  occur.  Moncrieff  suggested  that  an  enlarged  thymus  is  commonly 
found  with  congenital  laryngeal  stridor.  Even  noisy  nasal  breathing 
has  been  brought  within  the  group  of  thymic  syndromes.  Attacks  of 
paroxysmal  inspiratory  dyspnoea  have  been  recorded  and  given  the 
eponyms  ‘Millar’s  asthma’  after  John  Millar,  who  in  1769  described 
afresh  what  appears  to  have  been  laryngismus  stridulus,  and  Kopp  s 
asthma’  after  Kopp,  who  ascribed  the  attacks  to  mechanical  pressure 
of  the  enlarged  gland.  Rapid  panting  respiration  is  stated  to  occur  in 
some  instances.  A  persistent  chronic  hoarse  cough  is  said  to  be  evidence  Cough 
of  thymic  disturbance  when  no  other  cause  is  demonstrable.  Radio¬ 
therapy  to  the  thymus  is  beneficial  (see  Plates  I  and  11).  Head  retraction 
may  accompany  any  of  the  above  symptoms  or  occur  mdependently. 

Such  nervous  disturbances  as  excessive  crying  (without  fits),  restlessness, 
and  insomnia  are  among  the  supposed  manifestations.  Eczema  is  found 
in  one-fifth  of  all  cases,  whatever  their  type. 

Even  amongst  the  most  strenuous  protagonists  of  the  thymic  syndromes, 
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controversy  exists  on  the  mode  of  production  of  symplcuns.  Sonic 
ascribe  the  symptoms  to  disturbance  of  an  internal  secretion  o(  the 
thymus  and  support  their  view  by  insislini-  on  (i)  the  associated 

generalized  hyperplasia  of  lyinplioid  tissue,  (ii)  the  iinproveiueiit  wliieli 

follows  irradiation  of  a  gland  of  nonnal  size,  (iii)  die  Ireqiicncy  i>l 
associated  eczema,  and  (iv)  the  latent  period  belweon  thyniecloniv 
and  clinical  improvement.  Others  ascribe  the  symptoms  to  (ho 
mechanical  pressure  of  the  enlarged  thymus  on  neighbouring,  sirueturcs, 
such  as  on  the  trachea  causing  stridor  and  cough,  on  the  vagi  causing 
syncope,  and  on  the  veins  causing  cyanosis.  It  is  dilbcull  to  visualize 
circumstances  in  which  the  gland  could  cnlaigc  and  cscit  picssuu 
sufficient  to  cause  gross  symptoms,  Ihough  (his  possibility  could  not 
be  excluded  when  the  thynuis  is  drawn  up  into  the  superioi  tlumnii. 
outlet,  the  neck  being  retrollcxed.  Recent  allenipts  to  correlate  anm. 
phylactic  and  allergic  phenomena  with  thyinie  cnlaigcmcnl  au,  iu>l 
convincing  (Waldbott  and  Anthony). 


6.-THYMIC  HYPERPLASIA 

(1) — Diagnosis 

The  diagnosis  of  thymic  enlargement  is  made  by  physical  ami  by 
radiological  examination.  Light  percussion  reveals  an  area  ot  dullness 
on  either  side  of  the  sternum,  more  marked  to  the  right,  wliieb  may 
disappear  when  the  head  is  Hexed.  Rchn  described  the  tuuuuir  as 
appearing  on  expiration  in  the  suprasternal  notch,  where  occasionally 
it  can  be  palpated.  ‘A  sustained  posture  with  the  liead  held  slightly 
forward,  the  shoulders  slightly  raised,  the  chest  slightly  expanded,  and 
almost  entire  abdominal  breathing’,  is  described  in  many  instances. 

The  radiological  findings  arc  confusing.  Characteristically  tlicic  is  in 
the  superior  mediastinum  a  wide  transverse,  alnuist  symmetrical,  shadow 
which  merges  with  the  heart  shadow.  This  shadow  Is  said  to  eiilaif'c 
during  systole,  expiration,  and  on  crying;  and  to  diminish  in  diastole, 
inspiration,  and  at  rest.  The  appearances  arc  not  easily  tlislinguishable 
from  other  morbid  changes,  especially  enlarged  lyniphalie  plaiids, 
dilated  auricles,  coarctation  of  the  aorta,  congenital  malftinnatioiis 
of  the  conus  arteriosus,  thoracic  goitres,  and  aortic  aneurysms  (sec 
Plate  III,  A  and  c).  Even  lateral  views  and  lluoroscopic  scrceniiii'  may 
not  suffice  to  differentiate  these  conditions. 

(2)— Treatment 

There  are  many  difficulties  in  accepting  a  cau.sal  connexion  between 
thymic  enlargement  and  the  various  symptoms  described.  As,  however, 
the  symptoms  are  often  alarming  and  fail  to  respond  to  other  incllunls 
of  treatment,  the  absence  of  certain  proof  of  a  causal  relalion  Isetvveeu 
them  and  enlargement  of  the  thymus  is  scant  justilication  for  witlihold- 
ing  from  an  afflicted  infant  a  form  of  treatment  which  sonic  observers 
believe  to  be  not  only  beneficial  but  in  many  instances  life-saving. 
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Marine’s  finding  that  adrenalectomy  not  only  delayed  involution  of  o,gmw- 
the  thymus  and  lymphoid  tissues  but  actually  caused  their  regeneration 
led  to  Kemp’s  hypothesis  that  the  cause  of  thymic  syndromes  is  an 
acute  exacerbation  of  a  temporary  cortico-adrenal  insufficiency  aud 
to  his  treatment  of  these  syndromes  with  adrenal  cortical  extracts.  INo 

decisive  results  have  been  recorded.  ^  «  j- 

Both  X-rays  and  radium  have  been  used  in  treatment.  The  dose  of  Radiotherapy 

X-rays  varies  with  the  age  of  the  child.  The  technique  use  y 

Morgan  et  al.  is  to  give  a  dose  of  20  to  25  milliampere  minutes,  using 
approximately  90  kilovolts  with  a  target  skin  distance  of  10^  inches 
and  a  filter  of  4  mm.  of  aluminium.  This  is  repeated  in  a  week  s  time. 

If  symptoms  improve,  a  fortnight’s  interval  is  followed  by  two  or  more 
treatments  a  week  apart,  making  four  treatments  in  six  weeks.  If  there 

are  recurrences,  further  courses  of  treatment  are  given. 

For  young  babies  a  ‘radium-bib’  overcomes  the  difficulties  of  radm- 
therapy  and  offers  the  advantages  of  home  treatment  and  more  effective 
application.  The  bib  is  made  ‘with  40  mgm.  of  radium  elernent  on  a 
plaque  3x2  inches  filtered  with  0-5  mm.  of  lead.  It  is  tied  on  with 
straps  round  the  neck  and  under  the  arms  so  as  to  irradiate  the  whole 
of  the  thymic  area.  It  is  applied  for  16  hours’  (Shires). 

Thymectomy,  though  occasionally  undertaken  for  the  removal  of  Thymec  omy 
tumours  of  the  thymus  and  the  enlarged  thymus  which  accompanies 
thyrotoxicosis,  has  rarely  been  carried  out  for  thymic  syndromes. 
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i.-ACUTE  TONSILLITIS 

1484.]  Acute  tonsillitis  is  classified  as  catarrhal,  lacunar,  or  parciKliv- 
matous  according  to  its  degree  of  severity.  In  the  conunon  lacimur 
form,  often  called  follicular,  the  crypts  become  filled  witli  de.siiuanuHcd 
epithelium,  pus  cells,  and  organisms  forming  while  or  grey  dots  at  the 
mouths.  In  the  parenchymatous  form  the  whole  tonsil  and  the  ad  jaeeiu 
pharynx  become  swollen  and  infiltrated,  and  an  abscess  may  Idrm  in  the 
substance  of  the  tonsil. 

The  disease  usually  occurs  in  young  adults  and  sometime.s  in  children, 
In  children  it  may  precede  an  attack  of  acute  rhcunialisni,  .so  that 
removal  of  the  tonsils  slightly  diminishes  the  incidence  ol'  primary 
attacks  of  rheumatic  infection,  but  the  operation  has  no  inlhience  iii 
preventing  recurrent  rheumatic  attacks  nor  does  it  infl  uence  t  he  incidence 
of  endocarditis.  (See  also  Heart  Diseases:  Rheumatk:  Heart  Di.sea.se 
IN  Children,  Vol.  VI,  p.  253;  and  Rheumatic  Ineection,  Achu;, 
VoL  X,  p.  641.) 

Acute  inflammation  is  particularly  liable  to  occur  in  the  remnanls  of 
tonsils  which  have  been  partially  removed,  and  in  tonsils  which  arc 

40 


41 

quinsy 

S.KEY  14h4-i485J 

'ca»al  organism  by 

‘'m  initiars^mptoms  are  malaise  and  ^lH  w»i 

0,  even  a  definite  rigor.  Tbe  temperature  rises 

WdintKS:  in  tbeVrJal  radiating  to  fire  ears,  and  inereas- 

’r„jr^,irti::::S"u9r= 

be  distinguished  f'°‘"  be  distinguished  from 

^dTbs*:;^"'— 

may  last  several  weeks  but  the  prognosis  is  goo  .  mixture  Treatment: 

l/aeute  tonsillitis  “e'n  ul  urual  L'lo  Io  prescribe 

rnurge' m  ihfteginning  of  the  illne,ss.  As  the  causal  organism  is  the 

paint  eonutining  2  per  cent  each  of S«U« 

and  formalin  in  glycerin  «  “«f“' 'XusTSI^tre  «  Cnrgfa 

exudation  the  throat  may  be  sprayed  with  finds 

increase  the  pain  but  a  compress,  either  hot  or  cold  as  the  patient 

the  more  suitable,  often  gives  relief  .  swallowed.  The  Food  ami 

/“tlV;m»r;S;Van  — 

thh  tht  ialms  applied  behind  and  below  the  angle  of  the  jaw  on  either 

side.  Firm  pres,5ure  is  made  just  K  ‘1“  dental  sepsis  CpmttmM 

p.  43),  but  not  until  after  an  interval  of  at  least  si*  weeks. 


2.-QUINSV 

1485.1  The  formation  of  a  peritonsillar  abscess  “’"'“itifthe 
irar"n"  wed  to  burst 

into  the  tonsillar  fossa,  but  should  be  opened  with  sinus  forceps  a  s 
,2,  p°o2ent  point  Ifter  painting  with  10  per  cent  cocatne.  A  yellow 
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spot  often  indicates  the  point  at  wliicli  the  pus  nia\'  he  most  easily 
reached  but,  if  this  is  not  obvious,  the  centre  of  a  line  Iielween  the  base 
of  the  uvula  and  the  upper  wisdom  tooth  may  he  chosen.  A  peritonsillar 
abscess  may  occasionally  be  openetl  through  the  supratonsillar  Ibssa. 
Quinsy  behind  Much  less  commonly  a  quinsy  may  be  present  behind  the  lower  hall 
S of  danper  that  the  pus  may  track 

along  the  carotid  sheath  if  the  opening  for  draiiia.ue  is  not  placed 
suitably.  The  best  treatment  is  to  remove  the  tonsil;  this  gives  perleet 
Haemorrhage  drainage,  and  there  is  little  bleeding.  A  rare  but  grave  complication  ol 
as  sequel  quinsy  is  haemorrhage  from  er(rsion  of  one  of  the  larg.e.  vessels  in  the 

immediate  neighbourhood. 


3.-CHRONIC  TONSILIJl’IS 

Enlargement  I486.]  Enlargement  or  hypertrophy  of  the  tonsils  is  sometimes  leg.artled 
of  tonsils  synonymous  with  chronic  intlammation,  but  in  fact  size  is  no 

criterion  of  this  and  in  many  small  children  some  hyix'rtrophy  ol'  the 
tonsils  appears  to  be  a  physiological  necessity  rather  than  a  pathological 
reaction.  The  tonsils  in  chronic  tonsillitis  may  be  large  but  t>l'ten, 
especially  in  adults,  are  small  and  Hat  and  concealed  by  the  pillars  of 
the  fauces.  There  is  a  chronic  infection  t)f  the  cryiils,  especially  of  the 
crypta  magna  or  supratonsillar  fos.sa,  from  which  pus  may  be  esiiressed. 
A  chronic  abscess  may  form  in  the  substance  of  the  tonsil,  usually  in  a 
deep  situation  near  the  capsule. 

The  cheesy  Collections  of  epithelial  scales  forming  cheesy  masses  in  the  crypts  are 
tonsil  troublesome  but  do  not  necessarily  indicate  chronic  infection. 

There  is  often  a  history  of  recurring  attacks  of  acute  tonsillitis  or  of 
quinsy,  and  the  lymphatic  glands  in  the  neck  just  below  and  behind  tin- 
angle  of  the  jaw  are  generally  enlarged.  A  deep  crimson  band  of  con¬ 
gestion  may  be  seen  along  the  anterior  faucial  pillar.  Such  tonsils  may 
be  important  as  sites  of  focal  sepsis,  causing  arthritis,  muscular  rheuma¬ 
tism,  or  nephritis. 

Signs  and  Indigestion  and  retching  arc  frequent  symptoms.  The  breath  may  be 

symptoms  ^nd  the  patient  may  notice  a  bad  taste  in  the  mouth,  'fhei-e  is  often 

reflex  cough  with  general  symptoms  of  fatigue  and  anaemia  from  toxic 
absorption. 

yeatment  As  treatment,  paints  containing  iodine  or  resorcinol  may  be  tried  in 
adults,  and  blocked  crypts  may  be  slit  up  with  a  small  knife  or  the 
electric  cautery.  Unless  there  is  some  general  contra-indication,  such  as 
^amfor  tuberculosis,  it  is  advisable  to  remove  the  tonsils,  especially 

operation  if  there  is  a  history  of  recurrent  acute  tonsillitis  or  quinsy,  or  any  pro- 

Electro-  nounced  cervical  adenitis.  Electrical  treatment  by  diathermy,  whether 

therapy  applied  with  the  object  of  causing  the  tonsil  to  slough  by  repeated 

applications  or  merely  with  the  object  of  sterilizing  the  tonsil  by  hetding 
it,  seldom  gives  results  which  are  satisfactory  for  any  length  of  time 
and  moreover  this  treatment  often  causes  great  pain.  In  small  children 
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si.nnlc  hypcrlropliy  or  a  single  attack  of  tonsillitis  is  not  sufficient  reason 
for  removal  of  the  tonsils,  as  the  need  at  that  age  for  lymphoid  tissue 
in  order  to  develop  immunity  and  defensive  reaction  leads  to  recurrence 
and  hypertrophy  elsewhere,  especially  of  the  adenoid  tissue  in  the  naso¬ 
pharynx. 

4.-CALCULUS 

1487  1  A  calculus  occasionally  lorms  in  the  tonsil,  generally  in  the  Compi 
supratonsillar  fossa,  composed  mainly  of  calciuni  ^ 

carbonate  in  which  lilaments  of  leptothrix  are  embedded.  They  aie 
usually  quite  small  but  in  rare  cases  attain  a  large  size  and  may  be 
responsible  for  stabbing  pain,  which  radiates  to 
recurrent  attacks  of  inllammation  and  suppuration  in  the  tonsi .  A 
large  calculus,  partially  embedded,  may  set  up  an 

malignant  disease  or  a  gumma,  but  examination  ot  ^ 

ulcer  with  a  probe  will  enable  a  correct  diagnosis  to  be  made.  A  calculus 
nlay  be  scooped  out  of  the  tonsil  with  a  spoon,  but  it  is  generally  simpler  Re, non, I 
and  more  radical  to  remove  the  tonsil. 

S.-REMOVAL  OF  TONSILS 

(1) — ^Indications  and  Contra-Indications  ,  ,.,r  tAncii 

1488  1  Kaiser  made  prolonged  observations  on  the  eftect  ol  tonsil¬ 
lectomy  on  4,400  school  children  in  Rochester,  New  York.  The  opera¬ 
tion  was  performed  upon  one  half  of  these  performed 

group  of  2,200  the  operation  was  recommended  but 
The  two  groups  were  kept  under  observation  tor  ten  years.  The  benehts 
obtained  ^luring  the  first  three  years  after  the  operation  became  less 
•  11,  ,  ind  the  clinical  condition  of  the  two  groups 
conspicuous  in  latei  f^^cdora  from  sore  throats  JEffect  on 

tended  to  become  more  alike.  The  immediate  ucc  _  .m^.-ntninod  throats 

in  the  children  who  had  lost  their  tonsils  was  not  entirely  maintained 
and  seven  years  later,  i.e.  ten  years  after  the  operation,  10  per  cent  of 

the  children  who  had  lost  their  tonsils  were  still  ^  The 

as  aeainst  36  per  cent  in  this  group  before  removal  of  the  tonsils.  1  h 
Mence  of  rLumatic  fever  proved  to  be  33  per  f  *  “  ““  1?^““ 

whose  tonsils  had  been  removed,  but  the  operation  did 
influence  in  the  prevention  of  recurrent  attacks  of  rheunaatism  whe 
performed  after  the  initial  attack.  It  was  found  also  that  the  operation 
does  not  orotect  against  rheumatic  carditis  or  have  any  influence  on  the  ^ 
incidence^of  chorea.  It  gives  some  slight  protection  against  the  incidence  Scarkt  fever 
oTlrlet  fever,  bot  reduces  it  by  less  than  50  per  cent.  The 
tonsillectomy  on  the  incidence  of  diphtheria  is  more  pronounced.  Con- 

operation  on  relative  indications  certam 

benefits  to  the  child  may  be  legitimately  claimed,  but  these  can  be  easily 
“SuJfindkations  for  tonsillectomy  in  children  are  freqnently 
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recurring  sore  throats  and  onlargcincnt  of  ihc  cervical  lymphatic  jdantls. 
Nasal  obstruction  and  otorrhoca  in  the  absence  of  caries  ol  the  middle 
ear  are  indications  for  the  removal  ol  adenoids  but  mtt  necessarily  ol 
tonsils,  and  in  small  children  preservation  of  the  tonsils  is  the  best 
guarantee  against  recurrence  of  the  atlenoids. 

About  5  percentof  the  tonsils  removed  from  children  show  Inslolopjcal 
evidence  of  tuberculosis,  and  it  is  probable  that  this  is  not  ol  much 
clinical  signififcance;  but  when  the  tonsils  are  removed  on  account  of 
gross  enlargement  of  the  cervical  lymphatic  glamis  the  pereentap.e 
showing  tuberculous  lesions  is  much  higher.  Ihc  inlection  is  usually 
of  the  bovine  type. 

(2) — Operative  Technique 

In  children  up  to  the  age  of  fifteen  it  is  usually  imssihle  to  remove 
tonsils  entire  by  the  guillotine:  this  can  also  be  carried  out  in  many 
adults,  but  as  a  rule  in  order  to  ensure  complete  removal  dissection  is 
preferable.  The  choice  of  operation  in  individual  cases  is  determined  by 
the  practice  of  the  operator,  but  when  there  is  a  history  of  quinsy  the 
line  of  cleavage  around  the  capsule  is  diflicult  to  define  and  the  j'uillotinc 
operation  may  be  impossible.  Whichever  method  is  em[)loyeii  the  whole 
tonsil  should  be  removed,  especially  the  lower  pole  from  which  Ihc 
tonsil  may  reproduce  itself.  In  exceptional  cases,  even  when  the  tonsil¬ 
lectomy  has  been  complete,  the  tonsil  may  be  reproduced  fixun  the  lingual 
tonsil  and  provide  a  target  for  the  critical. 

In  children  a  general  anae.sthetie  is  required,  but  ethyl  chloride  is  suHieient 
for  the  guillotine  operation.  In  adults  a  longer  j’cneral  anaesthesia  is  neceS” 
saiy.  Intratracheal  gas  and  oxygen  is  often  used  but  is  not  suitable  as  it 
increases  the  bleeding.  In  adults  local  anaesthesia  is  often  employed.  A  light 
application  of  5  per  cent  solution  of  coctiine  hytlrocliloridc  is  nuule  to  tlie 
fauces,  but  this  is  not  essential.  Procaine  hydrocldoride  (novocain)  witli 
adrenaline  is  then  injected  into  the  fauces  around  each  tonsil  in  live  spots,  one 
above  and  two  each  in  front  of  and  behind  the  lon.sil.  Tire  risk  ol'  post¬ 
operative  haemorrhage  and  of  blood  escaping  througli  the  laiynx  down  the 
trachea  is  greater  than  with  general  anaesthesia. 

In  using  the  guillotine  (see  Fig.  3)  the  patient  lies  supine  witli  the  sluudders 
a  little  raised  and  the  head  extended.  The  mouth  is  opened  with  a  Doyvn  gag 
placed  between  the  front  teeth,  but  not  wide  cnougli  lo  stretch  the  anterior 
faucial  pillars.  The  ring  of  the  guillotine  held  in  the  right  liand  is  passetl  under 
the  lower  pole  of  the  right  tonsil  with  the  handle  pointing  to  the  left  of  the 
patient.  The  handle  is  then  depressed  so  that  the  tonsil  is  levered  on  to  tlie 
alveolar  eminence  at  the  posterior  end  of  the  mylohyoid  ridge  wliich  forces 
it  through  the  ring.  To  complete  this  movement  tlie  foretingcr  of  tlie  left 
hand  is  applied  to  the  anterior  faucial  pillar  and  the  whole  tonsil  can  he 
felt  to  slip  through  the  ring.  The  blade  is  then  pushed  home  by  the  tluimb 
of  the  right  hand.  Care  must  be  taken  that  the  blade  passes  between  the 
anterior  piUar  and  the  tonsil  so  that  the  edge  of  the  pillar  is  not  nipped.  Tire 
tonsil  is  then  removed  by  pronating  the  hand.  The  left  tonsil  is  removed  liy 
changing  the  guillotine  to  the  left  hand,  or  by  standing  behind  the  head  of 
the  patient.  By  this  method  the  tonsil  with  its  supratonsillar  fossa  is  removed 


r  .  Tnn^iUcctonw  by  the  guillotine  method.  («)  The  ring  of  the  guillotine  is 
hic.  3-— TonsiUcUomy  y  b  encircle  it,  (6)  The  tonsil  is  hooked 

placed  under  the  ^  p  _  „uniotine  (c)  With  the  forefinger  of  the  free  hand 

pushed  hinTc  and  the  tonsil  is  removed  by  pronating  the  hand.  (This  and  Fig.  4  from 
the  Briash  Medical  Journal,  1938) 
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Fig.  4.— Tonsillectomy  by  dissection,  (a)  The  Oavi.s  gag  in  po.siiion.  Tlic  i.ix-raior 
may  stmd  at  the  head  of  the  table  or  at  the  side.  If  at  the  head  of  the  table  (Ins 
figure  should  be  seen  reversed.  (6)  The  incision  in  the  miicmis  memhrane  eoveriru- 
the  tonsil  beneath  the  anterior  pillar  is  shown,  (c)  The  ton.sil  is  grti.spcd  with  Ibiwps 
Mdtown  out  of  Its  bed.  Itisfreed  by  blunt  dkscction  with  long-hamllcd  forceps. 

(4)  The  tonsil  IS  dissected  out  of  its  bed  and  divided  with  knig-liandlcd  .scLs.sor.s 
below  the  lower  pole  close  to  the  base  of  the  longue 
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complete  in  the  capsule  which  is  often  everted  in  the  process.  Two  sizes  of 

guillotine  should  be  available.  •  vu  d  t  h„ 

In  removal  by  dissection  (see  Fig.  4)  the  patient  may  either  he  supine  with 
the  head  dropping  far  back  or  tilted  over  on  the  right  side.  If  local  anaes¬ 
thesia  is  used  the  patient  sits  in  a  chair  and  depresses  the  tongue  himself. 

Under  general  anaesthesia  the  mouth  is  opened  with  a  Doyen  or  Sydenham 
gag  but  many  operators  prefer  to  use  the  Davis  gag  which  gives  a  good  view 
of  the  tonsils  by  forcing  down  the  base  of  the  tongue,  with  the  patient  lying 
on  the  back,  but  this  has  the  disadvantage  that  the  mouth  cannot  be  fully 
opened  and  pressure  is  often  made  on  the  front  of  the  neck.  The  tongue  is 
drawn  forwards  with  a  tongue  clip  or  silk  thread  passed  through  the  tip.  The 
reflection  of  mucous  membrane  between  the  anterior  pillar  and  the  tonsil  is 
incised  or  torn  through  with  scissors  or  long-bladed  dissecting  forceps. 

Suitable  forceps  must  be  used  to  hold  the  tonsil  and  draw  it  out  of  its  be  . 

The  dissection  is  best  done  by  teasing  out  the  tonsil  with  the  long-bladed 
dissecting  forceps  so  that  the  vessels  are  torn  across  and  retract.  There  is  then 
very  little  bleeding  and  ligatures  are  seldom  required.  The  tonsil  is  thus  shelled 
out  of  its  bed  but  it  often  remains  attached  at  the  lower  pole  to  the  ungual 
tonsil  at  the  base  of  the  tongue  from  which  it  must  be  divided  with  scissors. 

Careful  sponging  or  the  use  of  an  electric  suction  pump  is  necessary  to  keep  Trftment 
the  field  of  operation  clear  from  blood.  The  only  vessel  likely  to  bleed  per¬ 
sistently  is  the  tonsillar  branch  of  the  facial  artery  which  enters  the  tonsil 
about  t  he  middle  of  the  tonsil  bed  on  the  posterior  pillar.  If  it  does  not  retract 
it  should  be  picked  up  with  long  forceps  and  ligatured  with  silk,  but  bleeding 
may  continue  after  the  guillotine  operation  from  a  button-holed  vein  which 
cannot  retract.  If  there  is  a  persistent  oozing  of  blood  or  post-operative 
haemorrhage,  ligatures  of  fine  silk  on  a  Reverdin’s  needle  should  be  passed 
across  the  tonsil  bed  or  through  both  pillars  and  tied.  The  stitches  should  be 
removed  on  the  following  day  and  not  allowed  to  cut  out,  if  they  have  been 
passed  through  the  pillars.  If  reactionary  haemorrhage  occurs  several  ho um 
after  the  operation  there  should  be  no  hesitation  in  taking  the  patient  back 
to  the  operating  theatre  and  controlling  the  haemorrhage  under  an  anaesthetic. 


If  the  mucous  membrane  covering  the  edge  of  the  anterior  pillar  is 
kept  intact  there  is  usually  not  much  post-operative  pain,  but  this  vanes  treatment 
and  may  be  controlled  by  euphagin  or  aspirin  applied  locally  in  a 
gargle  Adults  may  receive  an  injection  of  morphine  on  the  night  fol¬ 
lowing  the  operation.  Soft  food  should  be  given  for  a  few  days,  and 
anything  like  biscuits  or  crusts  avoided.  Children  welcome  ice-cream. 

A  purge  should  be  given  on  the  day  following  the  operation,  as  some 
blood  is  always  swallowed  and  causes  digestive  disturbance;  cascara 
sagrada  is  suitable,  but  saline  purgatives  should  be  avoided  as  they  are 
extremely  painful  to  swallow. 

For  keratosis  and  tumours  of  the  tonsils  see  Pharynx  Diseases, 

Vol.  IX,  pp.  576  and  580. 
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l.-*DEHNITION 

(Synonym,--^ ly  neck) 

1489.]  This  deformity  is  charade rizecl  by  lateral  dcvialicti  and  rDtatioa 
of  the  head.  It  arises  from  various  causes,  but  in  nearly  all  cases  the 
basic  feattire  is  contraction  of  one  slernoclcidoiuastoid  inusclc,  with 
consequent  approximation  of  the  mastoid  process  to  the  sterno" 
clavicular  joint  As  a  result,  the  head  is  llcxcd  to  the  atfcclcd  side  and 
rotated  towards  the  opposite  side.  In  long-standing  cases  secoiulary 
changes  develop  in  adaptation  to  the  altered  position. 


2-TYPES 

(l)—Congenital 

(a)  Aetiology  and  Clinical  Picture 
The  congenital  is  the  common  type.  The  deformity,  though  labelled 
congenital^  is  not  present  at  birth,  but  develops  in  childhood  and  gra<lu- 
ally  increases  during  adolescence. 

48 
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TYPES 

It  is  attributed  by  some  to  congenital  aplasia  of  the  sternocleido-  Cause 
mastoid  muscle.  According  to  this  view  the  muscle  is  imperfectly 
formed  and  fails  to  grow  at  a  rate  commensurate  with  the  general 
development  of  the  body.  Its  relative  shortness  becomes  more  marked 
in  later  childhood,  and  thus  the  deformity  becomes  apparent.  A  second 
view,  supported  by  many  authorities,  is  that  the  deformity  follows 
injury  to  the  sternocleidomastoid  sustained  at  birth.  It  has  been  clairned 
that  wry  neck  is  commonest  after  difficult  labours,  and  especially  after 
breech  presentations,  in  which  the  neck  muscles  are  peculiarly  liable  to 

injury  (see  Muscles  Diseases,  Vol.  IX,  p.  14). 

In  a  small  proportion  of  cases  there  is  a  history  that  a  few  weeks  after  S^emo-^ 
birth  a  lump  was  noticed  in  the  neck,  the  so-called  sternomastoid 
tumour.  According  to  Brooks,  Middleton,  and  others,  this  swelling  is  a 
result  of  venous  infarction  of  the  muscle,  due  to  prolonged  obstruction 
of  the  venous  return  from  this  part  of  the  neck  during  parturition. 

The  ‘tumour’  is  a  spindle-shaped  enlargement  of  the  muscle,  and  micro-  Histology 
scopic  examination  shows  that  it  consists  of  granulation  tissue  an 
young  fibrous  tissue  containing  degenerated  muscle  cells.  In  the  course 
of  time  the  swelling  subsides  and  is  replaced  by  tough  scar  tissue  which, 
by  contraction,  leads  to  the  wry-neck  deformity.  , 

In  the  fully  developed  case  the  deformity  is  obvious.  The  head  is  bent 
towards  the  affected  side  and  at  the  same  time  rotated  towards  the 
opposite  side.  Thus,  if  the  right  sternocleidomastoid  is  affected  the  heaff 
is  approximated  towards  the  right  shoulder,  the  face  is  turned  towards 
the  left,  and  the  chin  is  up-tilted.  The  movements  of  the  head  and 
neck  are  greatly  restricted,  especially  those  that  involve  stretching  the 
affected  muscle.  The  sternocleidomastoid  can  be  seen  and  felt  as  a  tense 


contracted  band  of  fibrous  tissue. 

In  long-standing  cases  secondary  changes  follow;  all  the  soft  tissues 
on  the  affected  side  of  the  neck  undergo  adaptive  shortening,  including 
the  deep  fascia,  the  muscles  of  the  neck,  the  carotid  sheath,  and  the 
large  vessels.  The  mastoid  process  at  the  insertion  of  the  muscle  is  hyper¬ 
trophied.  The  skull  acquires  an  oblique  deformity.  A  compensatory 
scoliosis  may  develop.  Finally,  and  most  significant,  the  face  undergoes 
hemiatrophy,  all  the  features  on  the  affected  side  being  smaller  and 
closer  together  than  on  the  opposite  side.  The  importance  of  this  last 
feature  is  that  in  long-standing  cases  the  hemiatrophy  persists,  and 
even  though  the  wry-neck  deformity  is  corrected,  there  remains  an 
obvious  asymmetry.  (See  also  Vol.  VI,  p.  420.) 


Secondary 

changes 


(b)  Treatment 

The  treatment  is  by  operation.  This  should  not  be  delayed  unduly 
owing  to  the  risk  of  secondary  deformities,  such  as  facial  atrophy,  which 
will  not  respond  to  treatment.  In  mild  cases  the  operation  of  sub¬ 
cutaneous  tenotomy  suffices. 


The  sternocleidomastoid  is  put  on  the  stretch  over  a  sand-bag  placed  Subcutmeous 
between  the  shoulder  blades.  A  tenotomy  knife  is  then  inserted  through  a 
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skin  puncture  low  in  the  neck,  innnecliatcly  ai’>ovc  ihc  clavicle,  and  the  irn\c 
fibrous  bands  which  represent  tlic  sternal  aiui  clavicular  heads  of  the  imiscle 
are  divided.  The  other  light  structures  are  thett  stretched  by  inanipnlatmg 
the  head  into  an  over-corrcclcd  position. 

In  more  severe  cases  an  open  operation  is  adcisahkv  rhe  ineisHin  most 
suitable  as  a  general  rule  is  oblique  and  placed  in  the  natuial  Ihhl  (d  ifie  sktu 
a  short  way  above  the  clavicle.  It  is  deepened  to  c\p<vsc  the  lower  end  of  the 
sternocleidomastoid  muscle  and  a  wide  area  in  the  lower  putt  the  neck., 
The  sternal  and  clavicular  heads  of  the  nuiscle,  the  deep  fascia  oi'  the'  neck, 
and  all  other  tight  striicUires  arc  divided,  and  tinally  tlic  tissues  of  the  carotid 
sheath  are  dissected  dV  the  large  vessels  and  removed.  An  ackiitimial  step 
favoured  by  some  authorities  is  to  make  a  sccoiul  incision  hi  the  uppet  part 
of  the  neck  to  divide  the  upper  attachment  of  the  muscle  close  below  ns 
insertion. 


The  after-treatment  is  of  special  imporlance,  for  there  is  a  luvat 
tendency  to  recurrence  of  the  deformity,  however  radical  the  operative 
dissection  has  been.  The  child  will  prefer  to  revert  to  his  aecustoined 
attitude,  and  persistent  correction  is  necessary  to  ensure  a  rcMtlt. 
The  best  method  Ls  to  (it  a  piece  of  poroplastic  telt  to  sit  siuinj  v  on  I  lie 
affected  side  of  the  neck,  where  it  is  fixed  in  position  l)y  a  baiuhyre. 
The  felt  iscutand  moulded  to  fit  the  neck  and  is  made  just  wide  enotioji 
to  exert  a  little  upward  pressure  on  the  niastoid  process  and  the  anpic 
of  the  jaw,  in  that  way  maintaining  the  corrected  p»ositio!i.  la  adtiition, 
regular  exercises  should  be  carried  out  under  the  supervision  of  a 
masseuse. 


Sequel  to 
fbrositis 
or  myositis 


Sequel  to 
infection  of 
lymph  glands 


Sequel  to 
spinal  lesions 


(2) — Acute 

This  term  includes  a  number  of  aflcctions  iii  wiiicli  the  \\t>  neek 
comes  on  rapidly  and  docs  not  persist,  'riic  ccminiuiu-sl  is  dm-  to 
fibrositis  or  myositis  and  is  generally  attribnled  to  \-;itehiiir,  :i  eliiU’, 
The  neck  is  acutely  still,  and  the  allectcd  muscles  are  felt  In  In-  lifluly 
in  spasm  and  acutely  tender.  Alter  a  lew  days  the  cuiKlition  passes 
off.  Treatment  consists  in  the  application  of  heal,  g.eiillc  luassui'c,  and 
administration  of  aspirin  or  similar  drugs. 

Wry  neck  may  also  occur  acutely  as  a  result  of  an  inlVelion  of  the 
lymph  glands  in  the  neck,  especially  ol  the  glaiuls  along  the  uci'essmy 
nerve,  deep  under  the  sternocleidomastoid  muscle.  In  most  cases  the 
glandular  enlargement  is  due  to  infection  from  tlie  ear,  nose,  or  ihroal. 
The  neck  is  stiff,  and  there  is  acute  tenderness  over  llie.  allectcd  glands. 
The  treatment  is  to  keep  the  patient  in  bed  at  rest,  to  apply  heat 
to  the  neck,  generally  in  the  form  of  fomeiitations,  and  to  employ  any 
measures  required  for  the  primary  infective  focus. 

Lastly,  acute  wy  neck  may  re.sult  from  injury  or  disease  alfecting 
the  cervmal  portion  of  the  spine  or  cord,  'fhus  it  may  follow  uailatenil 
dislocation  of  the  cervical  spine  or  tuberculosis  of  tiie  spine.  In  cither 
case,  If  due  attention  is  paid  to  the  history  and  to  Ihc  physical  c.KaniimH 
toon  there  is  little  difficulty  in  the  diagnosis. 
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(3) — Spasmodic 

This  is  a  rare  affection,  which  is  characterized  by  spasmodic  rotatoiy 
movements  of  the  head.  The  movements  are  jerky  and  recur  incessantly. 

They  are,  however,  completely  absent  during  sleep.  In  addition  to 
the  sternocleidomastoid  muscles,  the  trapezius  is  often  involved,  and 
sometimes  also  the  complexus,  splenius,  and  oblique  muscles  of  the 
opposite  side. 

Spasmodic  wry  neck  occurs  mainly  in  adults  of  neurotic  disposition  Causation 
and  generally  starts  after  severe  overwork  or  mental  strain.  It  is  now 
regarded  as  a  functional  nervous  disorder. 

The  treatment  in  most  cases  is  directed  towards  improving  the  general  Treatment 
health  and  obviating  all  sources  of  nerve  strain  or  worry.  If  these 
measures  fail,  some  benefit  may  be  obtained  by  resecting  the  accessory 
nerve  at  a  point  above  its  entrance  into  the  sternocleidomastoid  muscle. 

It  is  sometimes  advised  also  to  divide  the  upper  cervical  nerves  of 
the  opposite  side  in  order  to  paralyse  the  synergistic  muscles,  but  this 
procedure  is  rarely  beneficial. 
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l.-DEFINITION 


1490.]  Torulosis  is  a  rare  disease  in  which  a  ycasl-liko  I'uiii-tis,  Taruhi 
histolytica,  invades  the  central  nervous  syslcin  and  more  nuely  the 
lungs  and  other  viscera.  The  onset  is  generally  f.railual  with  severe 
headache;  this  is  followed  by  stilTncss  of  the  neck,  vomitini',.  and  lailiiij', 
vision.  Later,  paralysis  and  convulsions  may  supervene.  Fever  is  ol'icn 
absent,  emaciation  is  prominent,  and  the  cour.sc  is  j'.euerally  proiucss' 
ively  downward.  Though  the  prognosis  is  fatal  in  systemic  and  eerehro- 
spinal  torulosis,  rare  localized  inlections  ol  the  vertebrae,  lt>np,ue,  and 
nasopharynx  have  been  followed  by  recovery. 


2.-AETIOLOGY 

Torulosis  in  man  was  first  adequately  studied  by  Stiuldard  and  Cutler 
(1916),  who  named  the  fungus  Toriila  hisfoJyiUv  and  dill'ercntiated 
the  disease  from  blastomycosis  and  coccidioidcs.  Tonihi  histolytica  is  a 
highly  refiaetile,  double-contoured,  spherical  or  oval,  yc:isl-likc  organ- 
isni.  In  the  tissues  and  on  culture  media  it  reproduces  only  by  Iniddinp.. 
It  IS  distinguished  from  other  fungi  by  the  absence  of  mycclia  ami 
spore  formation,  the  frequent  presence  of  a  capsule,  and  a  minimal 
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tendency  to  ferment  sugars.  There  appear  to  be  two  or  three  varieties. 

The  organism  is  pathogenic  to  mice  and  rats  and  to  a  less  degree  to 

guinea-pigs  and  rabbits.  . 

All  races  appear  to  be  equally  susceptible.  The  disease  occurs  twice  Incidence 

as  often  in  males  as  in  females  and  is  most  common  from  the  ages  of 
30  to  60  years;  occasional  cases  have  been  reported  in  childhood.  The 
portal  of  entrance  is  probably  the  sinuses,  tonsils,  or  lower  respiratory  Roujeof 
tract,  whence  the  torulae  travel  by  the  lymphatics  or  the  blood-stream 
to  the  central  nervous  system  and  elsewhere  in  the  body. 


3.-MORBID  ANATOMY 

Torula  invasion  generally  results  in  the  formation  of  granulomas,  the  Macroscopic 
lesions  resembling  somewhat  those  seen  in  tuberculosis,  syphilis,  and  ^ 
certain  mycotic  diseases.  Inflammatory  reaction  is  more  marked 
outside  the  central  nervous  system,  and  the  lesions  consist  of  small 
tubercles  or  nodules  varying  in  size  from  0-5  mm.  to  1-0  crn.  Cyst-like 
spaces  containing  gelatinous  material  may  form  in  the  tissues,  and 
in  one  case  of  pulmonary  and  cerebral  torulosis  which  I  investigated 
the  lungs  on  section  presented  the  appearance  of  honeycomb  filled 
with  gelatinous  exudate.  In  generalized  infections  the  kidney,  spleen, 
lymph  nodes,  bone  marrow,  liver,  adrenal,  thyroid,  tonsils,  and  skin 
and  subcutaneous  tissues  have  been  implicated. 

The  central  nervous  system  is  almost  invariably  involved  and  three 
types  of  lesion  have  been  described  by  Freeman:  (i)  a  diffuse  or  focal 
granulomatous  meningitis  resembling  somewhat  tuberculous  meningitis 
with  thickening  and  matting  together  of  the  meninges  which  become 
adherent  to  the  cerebral  cortex  and  the  base  of  the  brain;  (ii)  a  peri¬ 
vascular  form  due  to  torulae  extending  along  the  perivascular  sheaths 
of  the  vessels  forming  flask-shaped  cysts  in  the  upper  layer  of  the 
cortex  and  giving  rise  to  the  appearances  of  ‘soapsuds,  blisters  or 
pits’;  (iii)  an  embolic  form  with  deeply  placed  granulomas  and  cysts 
involving  the  grey  matter  of  the  basal  ganglia  or  the  white  matter  of 
the  cerebrum  and  cerebellum.  In  rare  cases  the  spinal  cord  may  be 
involved  by  a  chronic  torular  meningitis  and  granulomatous  nodules 
which  may  produce  spinal  compression  (Smith  and  Crawford). 

The  meninges  show  endothelial  hypertrophy,  round-cell  infiltratmn, 
foreign-body  giant  cells,  and  fibrosis.  The  torulae  are  numerous.  The 
gelatinous  cysts  are  caused  mechanically  by  the  accumulation  of  large 
numbers  of  torulae  with  minimal  reaction  of  the  mesodermal  elements, 
and  the  granulomas  are  composed  of  masses  of  endothelial  cells,  many 
of  which  contain  the  invading  organism.  Neuroglial  reaction  is  minimal. 

The  mode  of  production  of  the  clear  gelatinous  zone  around  the 
micro-organisms  is  unknown.  No  evidence  is  available  that  it  is  due 
to  any  digestive  action  exerted  by  the  torulae  on  the  tissues  and, 

Freeman  pointed  out,  the  original  term  ‘histolytica’,  introduced  by 
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Stoddard  and  Culler  lo  describe  the  uiy.anisuu  is  a  inisuoiucr.  Ih i^hablv 
the  gelatinous  nialerial  originalcs  as  a  secretion  or  as  some  bv  j>r()tliKl 
of  the  metabolic  activity  of'  the  torulac. 

Blood  In  the  cerebrospinal  form  there  is  usually  a  nuHlcrate  leucuevtosis 

picture  which  varies  from  7,000  to  25,000  cells  per  c.inui.,  atul  llie  (lilTcrential 
count  not  uncommonly  shows  an  increase  in  the  [lolymorpliomielcar 
neutrophil  leucocytes.  Decreased  retDecll  counts  and  hacnionjobia 
values  occur  only  in  the  late  phases  of  the  disease.  No  ni)te\sorth\ 
clinical  biochemical  findings  have  been  rcetuxlcd.  l  orulae  iiave  been 
found  in  the  cerebrospinal  lluid,  sputum,  and  pus. 

Cerebrospinal  When  the  central  nervous  system  is  involved  examination  of  the 
cerebrospinal  fluid  is  much  the  most  impt>rtant  aspect  of  the  laboratory 
investigation.  The  fluid  is  generally  under  increascil  piessurc  and 
readings  as  high  as  700  mm.  of  water  have  been  recorded.  It  may  lu' 
colourless,  slightly  hazy,  turbid,  or  even  gelatinous  in  afipcaranee 
and  on  standing  a  pellicle  generally  forms.  The  glolnilin  and  albumin 
contents  are  increased,  and  the  sugar  is  eitlier  normal  or  decreased. 
The  colloidal-gold  curve  is  as  a  rule  of  meningitic  type,  'flu-  coll  cmmt 
is  increased,  varying  generally  IVoiu  about  200  to  8U0  cells  per  c.nun. 
Most  of  the  cells  arc  lymphocytic,  but  sometimes  polymorphonuclear 
neutrophils  constitute  as  much  as  31)  per  cent  of  the  cells  presciu. 
Occasionally  endothelial  cells  with  phagocytoscii  torulac  are  found. 
Not  uncommonly  at  the  first  examination  the  tonilae  ai*e  mistaken  tor 
lymphocytes. 

4.-CUNICAL  PICTUll^AND  COl 

The  clinical  manifestations  arc  somewhat  variable,  hut  for  clinical 
purposes  the  disease  may  be  considered  under  the  headings  (i )  ku'ali/ctl 
Incubation  and  (ii)  cerebrospinal  torulosis.  The  incubation  period  has  not  Ikhui 

accurately  ascertained  for  man,  but  animals  develop  clinical  mani- 
festations  some  two  to  lour  weeks  after  inoculation.  It  is  probable 
that  a  somewhat  similar  period  of  incubation  holds  pood  in  humati 
infections. 

Localized  torulosis 

Only  a  few  instances  of  localized  torulosis  arc  reported.  McCichce 

and  Michelson  reported  a  case  of  pelvic  abscess  pointing  in  the  inguinal 
region,  the  pus  from  which  contiunccl  torula  organisin.s.  I’ulinonary 
complications  supervened  but  the  patient  recovered.  Jones  rccctrtitHl 
torular  infection  of  the  nasopharynx  responding  to  surgical  treatment 
and  Jeanselme  and  his  colleagues  published  a  ca.se  of  mycclotmi  in  a’ 
coloured  woman,  due  to  the  same  cause. 

Cerebrospinal  torulosis 

The  central  nervous  system  is  practically  always  involved  in  gcncrali/ed 
torulosis  so  the  two  types  need  not  be  considered  .separately.  In  a 
senes  of  60 cases  of  cerebrospinal  torulosis  analysed  by  Uvin  (lhl7) 
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the  central  nervous  system  alone  was  involved  in  30;  in  the  remaining 
30,  in  addition  to  the  central  nervous  system,  the  lungs  were  involved 

17  times  and  the  skin  5  times.  Other  organs  implicated  included  the 
tonsils,  kidneys,  spleen,  lymphatic  glands,  and  adrenals.  The  clinica 
features  vary  with  the  virulence  of  the  causal  organisms  and  the  part 
of  the  nervous  system  which  is  predominantly  involved.  Many  cases 
manifest  evidence  of  increased  intracranial  pressure,  basal  meningitis. 


and  nerve  palsies.  ,  c 

The  onset  is  generally  insidious  with  frontal,  fronto-temporal,  or  Mode  of 
retro-ocular  headaches  which  are  intermittent  at  first  and  later  become 
continuous.  Sometimes  the  disease  commences  suddenly,  when  severe 
headache,  faintness,  vomiting,  and  vertigo  are  likely  to  be  present. 

Often  the  headache  is  the  most  pronounced  symptom;  it  may  be 
intolerable,  making  the  patient  scream  with  pain,  and  Freeman  sug-  Symptoms 
gested  that  this  happened  when  there  was  wide-spread  invasion  of  the 
cerebral  cortex.  Other  symptoms,  such  as  projectile  vomiting,  dizzi¬ 
ness  vertigo,  failing  vision,  arthritic  pains,  and  pain  and  stiffness  of 
the  muscles  of  the  neck  and  back,  soon  follow,  and  sleeplessness  or 
somnolence  proves  very  troublesome  in  some  cases.  Diplopia,  am  y- 
opia,  photophobia,  and  even  amaurosis  are  not  uncommon. 

Fever  is  generally  absent,  anaemia  is  rare,  and  the  blood-pressure  Signs 
remains  about  normal.  The  pulse  is  apt  to  be  somewhat  increased  in 
rate,  especially  if  there  is  fever.  The  most  common  finding  is  stiffness 
of  the  neck  associated  with  a  positive  Kernig’s  sign  indicative  of 
meningitis.  Brudzinski’s  sign  may  be  positive,  the  deep  reflexes  are 
often  lost,  and  hyperaesthesia  is  not  uncommon.  According  to  Freeman 
neuro-retinitis,  papilloedema,  and  choked  disk  occur  in  about  two  out 
of  every  three  cases.  Strabismus,  fixed  pupils,  ptosis,  and  nystagmus 
are  sometimes  present.  Deafness  is  rather  rare,  but  other  nerve  palsies, 
hemiparesis,  and  hemiplegia  may  appear  in  the  late  stages  of  the 
disease.  When  the  spinal  cord  is  involved  spinal  compression  with 
paralysis  of  the  limbs  may  ensue.  Pulmonary  involvement  or  a^mtis 
naturally  suggests  tuberculosis  and  only  the  demonstration  of  Torula 
histolvtka  by  laboratory  means  enables  a  diagnosis  to  be  made. 

Tmesis  generally  runs  a  subacute  or  chronic  course,  the  average 
duration  being  about  four  months.  Acute  cases  are  recorded  which 
have  proved  fatal  within  three  weeks,  whereas  two  chronic  cases  have 
lasted  two  and  a  half  and  five  and  a  half  years.  Though  remissions  may 
occur  the  course  is  progressively  downward  and  the  prognosis  m  e 
cerebrospinal  type  of  the  disease  is  invariably  fatal.  Patients  with  the 
localized  type  of  infection  may  recover. 


5.-DIAGNOSIS  AND  DIFFERENTIAL  DIAGNOSIS 


In  both  localized  and 
on  clinical  grounds 


generalized  torulosis  the  diagnosis  is  never  made 
and  it  is  only  the  demonstration  of  yeast-like 


TORULO.SIS 
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Differential 

diagnosis 
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organisms  in  the  pus  of  local  lesions,  in  the  s|ui(uiu  wheu  tfuae  is 
pulmonary  in volveinc III,  anti  in  the  cerebrospinal  Unit!  in  tvrchrcnqanal 
torulosis  that  establishes  the  diagnosis.  Smears  oi'  the  ccntrirugaliml 
deposit  should  be  stained  with  Wright’s  stain  to  dilTercntiate  the  torulac 
from  lymphocytes  for  which  they  arc  tiften  mistaken.  In  doubthil  cases 
the  suspected  material  should  be  iiuK'ulatcd  onto  Sahouraiurs  maltose* 
agar  or  injected  intrapcriloncally  into  white  mice  which  iievelop  svnip* 
toms  within  one  month;  cultures  should  bo  incubated  at  botli  room 
temperature  and  body  temperature  lor  at  least  ten  days  heforc  deciding 


there  is  no  growth. 

Tuberculous  meningitis,  cerebrospinal  syphilis,  epidemic  encci">halitis, 
tumour,  abscess,  and  cysts  ol’ the  brain,  and  cerebral  involvement  due 
to  blastomycosis,  coccidioidcs,  and  sporotrichosis  may  need  to  be 
differentiated  from  cerebrospinal  torulosis.  In  the  l’unp,oiis  inicctitms 
other  than  torulosis  there  is  generally  a  primary  focus  clscvvlierc. 
Syphilis  is  diagnosed  from  the  history,  by  the  presence  of  other  syphilitic 
lesions,  and  by  the  Wassermann  reacti(Mi  and  the  oilier  findings  in  the 
cerebrospinal  fluid.  Tuberculous  meningitis  may  be  closely  simulated, 
especially  if  there  is  associated  pulmonary  involvement,  but  tlie  Irequenl 
absence  of  fever  and  the  more  prolonged  course  of  torulosis  inuy 
arouse  suspicion.  In  other  cases  the  insidious  onset,  associated  with 
signs  of  increased  intracranial  pressure,  such  as  liCadachc,  vomiting, 
choked  disk,  and  localized  neurological  features,  has  led  to  suln 
temporal  or  suboccipital  decompression  for  suspected  intracranial 
tumour. 


6.--rREATMBNT 

Cerebrospinal  There  is  no  specific  therapy  for  cerebrospinal  lt>rulosis.  loditles,  cvmi 

in  heroic  dosage  of  5  drachms  daily,  ciUircly  failed  in  the  haiuls  of 
Shapiro  and  Neal.  By  decreasing  intracranial  pressure,  daily  luinhai- 
puncture  brings  some  measure  of  relief  and  undoubtedly  proloiij’s  lilV. 
localized  In  localized  torulosis  radical  surgical  treatment  is  indicated  and  may 
J"™  be  successful.  All  the  accessible  lesions  should  be  reseclod  and  for 

this  purpose  Jacobson  advocated  the  cautery  knife. 
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Reference  may  also  he  made  to  the  following  titles: 

ABORTION 
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ALCOHOLISM 

ALLERGY 
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BOTULISM 
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NEURITIS 
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1.  INTRODUCTION 
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2.  GASES  -  -  - 

(1)  Carbon  Monoxide 

(a)  Acute  Poisoning 

(b)  Chronic  Poisoning 

(2)  War  Gases  -  -  - 
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l.-INTRODUCTION 


1491.1  The  following  table  shows  the  total  number  of  deaths  from  the 

commoner  poisons  in  the  years  1933-6  inclusive  in  Englan  . 


Poisonous  gases  (all  forms)  - 
Coal-gas  (included  in  the  foregoing) 

Lysol  (solution  of  cresol  with  soap) 
Hydrochloric  acid  _  - 

Hydrocyanic  acid  and  cyanides  - 

Phenol  and  coal-tar  distillates  - 
Barbituric  acid  group  of  drugs  - 
Ammonia  _  -  -  - 

Oxalic  acid  and  its  salts  -  “ 

Aspirin  -  "  “  .  .  T. 

Strychnine  and  preparations  containing  it 
Opium,  morphine,  and  preparations  containing 
morphine  _  -  - 

Nicotine  - 

Sulphuric  acid  -  -  -  - 

Arsenic  _  _  -  - 

Phosphorus 

Sodium  and  potassium  hydroxides 
Iodine 

Chloroform  -  -  -  - 

Nitric  acid  _  -  -  - 

Belladonna,  atropine,  etc. 

Paraldehyde  -  -  --  - 

Cinchophen  -  -  -  - 


8,127 

7,955 

1,071 

319 

315 

275 

271 

165 

125 

121 

55 

54 

51 

39 

36 

23 

13 

10 

10 

9 

7 

7 

7 


In  most  cases  of  poisoning  a  chemical  analysis  is  required  either  for 
diagnosis  during  life  or  to  establish  the  cause  of  Specimens  of 

vomit  urine,  faeces,  and  cerebrospinal  fluid  collected  m  the  early  stages 
of  the’  illness  contain  the  greatest  amount  of  the  poison  and  are  con¬ 
sequently  most  suitable  for  dispatch  to  the  analyst.  Further,  it  caMO 
be  too  strongly  emphasized  that  the  whole  of  the  specimen,  not  a  small 
Lmrde  1st  be  sent.  Although  in  most  cases  an  ounce  of  urine  is 
suffilnt  for  a  bacteriological  examination,  such  a  quantity  sent  for 
analysis  for  poison  would  be  useless,  because  the  analyst,  having 
deteLd  the  poison,  proceeds  to  determine  the  amount 

in  forming  an  opinion  about  the  quantity  absorbed, 

ascertained  if  the  whole  of  the  sample  is  available.  The  same  remarks 
apply  with  equal  force  to  the  cadaver.  The  whole  of  the  organs,  not 
porlns,  should  be  placed  in  clean  all-glass  stoppered  wide-mouthed 
jars  (see  Vol.  X,  p.  46),  and  the  stomach  and  intestines  should  not  be 

opened.  ■ 
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A(  Ihc  necropsy  llic  followitir.  \vlu4'  orpaiis  shouk!  be  soul  fni’analvsi.s: 
stomach  with  contents,  kitinexs,  splcvn,  aiui  intestines;  and  all 

the  urine  in  the  hhukier  sluniKJ  also  be  sent.  In  certain  cases  ok  lioniieidal 
poisoninii,  notably  arsenic,  the  !t4!o\vinp.  shonkl  also  be  sent:  braiin 
heart,  limps,  nails,  and  samples  of  the  hair,  skin,  nuiscle,  aiu!  hone. 
When  the  cjiiestion  oi"  homicide  is  iu>t  likely  to  arise,  it  is  p,enerally 
siidieient  to  rcserse  the  stomach  with  ciuilenls,  tlie  liver,  kidneys,  atui 
the  urine  in  the  laladilcr.  Incuses  of  stispcctcd  carbon  monoxide  poison-. 
ing  a  lube  of  about  one  ounce  of  hlootl  should  be  reserved,  aiul  the 
tube  should  be  filled  ctunplelely  with  the  blood,  so  that  there  is  nt>  ait  * 
space  at  the  top  ot'llie  tube,  which  should  be  firmly  corked,  not  plup.peii 
with  cottonwvook 

All  receptacles  shouki  be  labelled  with  the  natuie  ot“  the  contents,  the 
name  of  the  deceased,  the  date  of  the  necropsy,  and  the  sip.nature  of 
the  person  inakinp,  the  exanunation.  The  I'^otiles  should  then  he  sealed 
and  handed  over  to  the  inessenjHU' takirya  tliein  io  the  analyst,  a  receif>t 
for  them  obtained,  and  the  bottles  scut  with  the  inininuun  ofMelav. 

Bottles  of  medicine,  pills,  or  other  litpiitls  or  solnls  which  require 
examination  slumid  !)c  similarly  treated. 

In  the  ease  of  death  frmn  imseous  poisons,  e.iy  hydroevanie  acid  usctl 
for  fumigation  of  hoirses  or  ships,  or  from  tire  inhalation  <d'  vajxnirs, 
such  as  carbon  tetrachloride,  as  nuich  blotni  as  possible  shouUl  be 
collected  at  the  necropsy  and  [rlacctl  in  a  tH>ttlc  with  a  tipjitly  lit  ting 
stopper,  and  both  lungs  shouki  be  placed  in  a  similar  jar. 

In  the  sect  ions  of  I  his  article  deal  ing  with  indivirlual  poisons  thcMuallest 
lethal  close  is  indicated  whenever  pt)ssil>le  and  in  some  cases  the  average 
fatal  close.  Thus  it  is  stated  that  2  grains  arsenic  have  caused  death, 
but  that  probably  4  to  5  grains  arc  average  latal  lioses.  If'  the  analyst 
reports  that  2  grains  or  more  have  been  found  in  the  organs  examined 
by  him,  the  cause  of  death  is  certain.  On  the  other  hand,  the  linding  of 
■\  grain  by  the  analyst  may  have  ecpial  significance  if  the  report  is  read 
in  conjunction  with  the  known  details  of  the  illness.  If  the  patient  has 
died  after  several  days'  illness,  the  finding  of  \  grain  of  arsenic  lias  just 
as  much  significance  as  the  finding  of  several  grains  after  an  illness  of 
a  few  hours,  because  poison  is  being  excreted  during  each  hour  tif  the 
patienTs  life.  I  have  so  often  been  asked:  How  can  you  say  that  the 
deceased  has  died  of  the  particular  poison,  wiien  only  )  grain  has  been 
found  in  the  body,  and  the  lowest  fatal  dose  recorded  is  4  to  5  grains?’ 
Detection  of  traces  of  an  organic  poist>n  in  the  orgums  is  often  siiHieicnt 
evidence  that  a  large  quantity  has  been  taken,  especially  when  the  drug 
in  question  is  rapidly  broken  down  in  the  body. 

The  examination  of  certain  tissues,  e.g.  epidermal  structures  in  the 
case  of  arsenic,  is  important  in  cases  in  which  many  doses  have  been 
given  over  a  long  period.  A  careful  examination  of  the  hair  may  enable 
the  analyst  to  express  an  opinion  about  the  length  of  time  over  which 
doses  of  this  drug  have  been  given.  Medicinal  dosage  must  he  excluded, 
because  the  quantities  loiind  in  the  hair,  when  arsenic  has  been  pre™- 
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scribed  for  a  long  time,  may  equal  those  found  in  cases  of  homicidal 
poisoning  in  which  several  toxic  doses  have  been  given. 

Although  homicidal  poisoning  is  relatively  uncommon  m  England,  Diagnosis 
probably  only  a  proportion  of  such  cases  result  in  the  poisoner  being 
brought  to  justice.  This  fact  calls  for  the  greatest  vigilance  on  the  part 
of  the  practitioner,  upon  whom  alone  rests  the  responsibility  of  the 
diagnosis.  Many  cases  of  homicidal  poisoning  have  not  been  established 
until  after  an  exhumation;  in  such  cases  the  practitioner  was  satisfied 
that  death  was  due  to  natural  causes  and  he  gave  a  certificate  to  that 


cjfifect. 

The  following  points  should  be  borne  in  mind  when  the  diagnosis  is 

under  consideration.  •  ■  „  , 

(i)  In  many  illnesses  there  are  premonitory  symptoms,  but  m  poisoning  Prodrome 

these  do  not  occur,  (ii)  Most  poisons  taken  in  large  doses  pr^uce 
symptoms  immediately  or  within  a  short  time  ot  being  taken.  When 
several,  even  comparatively  small,  doses  are  given,  each  dose  exacerbates 
the  symptoms,  (iii)  Sudden  acute  symptoms  in  a  person  of  normal  health 
or  in  stationary  bad  health  are  suggestive,  but  often  there  is  a  natural 
explanation,  (iv)  A  sudden  change  in  the  symptoms  of  a  person  suffering 
from  some  disease  must  be  carefully  considered,  unless  the  change  is 
characteristic  of  the  disease,  (v)  Poisoning  usually  occurs  in  relation  to  Relation  to 
the  taking  of  food,  drink,  or  medicine  not  consumed  by  other  persons, 
and  a  change  of  taste  may  be  significant,  (vi)  Food  poisoning  usually 
affects  all  the  partakers,  but  in  homicidal  poisoning  there  is  usually  one 
victim  only,  (vii)  The  course  of  the  illness  in  poisoning  is  often  one  of  Course  of 
rapidly  increasing  severity  followed  either  by  death  or  by  a  recovery 
which  is  often  much  more  rapid  than  in  disease. 

After  burial,  even  for  a  very  prolonged  interval,  most  mineral  poisons 
can  probably  be  recovered,  in  fact  as  long  as  there  is  any  of  the  corpse 
left.  The  volatile  poisons  disappear  in  a  few  weeks.  The  organic  poisons 
vary  very  much,  but,  unless  a  very  long  period  has  elapsed,  an  analysis 
is  probably  worth  while.  We  have  found  morphine  twenty  months  alter 

’'After  cremation  nothing  will  be  found  except  one  or  two  uncommon  After 

TrprSmTconfronting  the  practitioner  in  cases  of  accidental  and  A«/ 
suicidal  poisoning  ate  generally  simple  and  straightforwaid,  namely, 
the  application  of  the  appropriate  treatment.  If  the  patient  recovers, 
there  is  nothing  further  to  be  done,  save  that  in  cases  of  accidental 
poisoning  advice  about  the  prevention  of  future  accidents  may  be 
given.  In  certain  cases  of  industrial  poisoning  there  may  be  the  ques-  Jnd^d 
tion  of  Home  Office  notification,  and  also  that  of  compensation.  In 
homicidal  cases,  however,  there  are  many  difficulties,  and  the  prac-  poisoning 
titioner  will  have  a  very  anxious  time  not  only  in  the  protection  of  his 
patient  but  in  the  detection  of  the  poisoner  in  order  to  prevent  future 

^ireitfier  personal  observation  or  information  supplied  by  the  patient 
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Jinr.sHnaiUm  or  by  a  third  ix-rson  leads  the  rraclitioiicr  to  saspect  foul  play,  each 

muJ  treatment  ituist  be  critically  examined  aiul  a  natural  explanation  sought, 

iStT'  upon  which,  in  nuist  instances,  t lie  suspicions  w  ill  be  proved  groundless. 

In  the  rare  cases  in  which  they  are  justified  the  practitioner  should  not 
cominuiucalc  his  suspicions  in  any  ineinbcr  oh  the  patient's  lunisehoUl 
or  friends,  unless  he  is  satisfied  that  they  can  be  trusted,  hut,  without 
betraying  his  motives,  fie  must  use  his  inrenuity  to  ciivuinvcnl  the 
suspected  poisoner.  If  the  suspicious  were  origiuaily  sugpested  by  the 
patient,  delusions  should  be  excluded:  if  by  a  third  person,  the  practi'^ 
tioiicr  slunild  beware  oi  interesteil  ivuaives  ot  t!ia(  pci  son  and  of  an 
attempt  made  by  a  pidsoncr  to  implicate  an  innocent  person. 

Nmmng  ^  special  nurse  may  be  broujdd  in  to  take  oxer  the  duties  of  anybody 
suspected  ofbeing  guilty  and  to  prepare  all  food  for  the  patient;  l>ut  she 
should  be  acquainted  with  the  reason  only  if  the  prac4 ilioner  can  rely 
KM/env  co-operation.  ’Ihc  suspected  person  aiui  perhaps  all  other  persons 

should  be  forbidden  to  visit  the  patient  or  only  allowed  to  do  so  in  the 
Remomlqf  presence  of  the  nurse.  If  serious  symptoms  develop,  tfic  practitioner 

patient  should  urge  the  rcimwal  of  the  patient  to  a  liospital  or  a  nursing  home 

out,  of  reach  of  the  suspected  {voisomer. 

Spednwiis  for  Specimens  of  excreta  should  be  reserved  lor  analysis,  especially  those 
cmalysis  passed  within  iwenty^four  hours  of  the  lime  oi*  the  suspected  administia - 

CVm'/c/  lion  of  poison.  If  the  patient  has  alleged  that  he  is  being  poisoned,  Im 

atialyds  pi“(;^mixably  be  willing  to  hear  tire  cost  ot  analysis;  but  a  dillicully 

arises  when  Ihe  allegations  or  suspicions  must  be  kept  secret.  It  is 
obviously  unfair  for  the  practitioner  to  bear  the  cost,  and  a  request 
to  the  police  to  do  so  may  precipitate  matters  unduly,  as  explained 
below,  'fhe  alternative  is  an  application  by  tlie  practitioner  to  the 
LJndcr-Secretary  ol'  Slate  at  the  Home  Office,  who  may,  if  he  thinks 
(it,  order  an  analysis  at  the  expense  of  public  funds  and  can  delay  pt)Iicc 
action  until  the  analyst's  report  has  been  received. 

Medicine  H'  il  is  thought  that  the  medicine  is  being  tampered  with,  the  prescript 
tion  may  be  modified,  so  that  the  addition  of  poison  will  he  betrayed 
by  a  change  of  taste  or  of  colour. 

Notes  Careful  notes  of  every  incident  should  he  made  at  the  time  and  kept 

for  reference. 

Cotmiltation  If  i^  advisable  to  call  in  another  practitioner  as  consultant  and  to 
communicate  the  suspicions  to  him;  in  this  way  au  indcpcudenl  witness 
is  scoured.  When  ihc  two  practitioners  arc  certain  of  foul  play,  but  not 
Informing  before,  they  should  communicate  with  the  police.  A  premature  in vestiga- 
the  police  police^  vvith  its  lengthy  interrogxitions  and  perhaps  detention 

of  persons,  may  lead,  if  the  suspicions  arc  later  proved  groundless,  to 
an  action  for  damages  against  the  practitioner  and  to  the  ruin  of  his 
practice. 
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The  practitioner  must  lake  special  care  in  such  a  case  when  the  patient 
is  a  stranger,  because  possibly  he  has  been  called  in  by  the  ptdisoncr 
either  because  he  docs  not  know  the  patient  or  because,  if  he  refuses 
to  grant  a  certificate,  the  poisoner  may  have  recourse  to  the  deceased's 
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usual  medical  attendant,  whom  he  may  persuade  to  grant  a  certificate 
based  on  his  knowledge  of  the  deceased’s  general  ill-health. 

In  all  cases  of  death  due  to  poison  the  practitioner  must  refuse  a  death 
certificate  and  should  inform  the  coroner  o^  all  the  circumstances  as 
soon  as  possible.  If  poison  is  merely  suspected,  it  is  advisable,  especially 
if  there  has  been  any  allegation  or  mention  of  it,  to  inform  the  coroner. 
In  some  cases  it  may  be  advisable  to  issue  a  death  certificate  and  to 
inform  the  coroner  that  poisoning  is  suspected.  Before  leaving  the 
deceased’s  house  the  practitioner  should  take  possession  of  all  medicme 
bottles  and  glasses  and  any  food  or  material  suspected  of  containing 
poison,  lest  such  possible  evidence  be  destroyed. 

The  following  Counsel’s  opinion,  obtained  by  the  Royal  Collep  of 
Physicians  of  London,  sets  out  the  legal  obligations  of  the  practitioner 
in  cases  of  criminal  abortion  by  drugs  or  by  other  means.  This  statement 
is  authorized  by  the  Royal  College  of  Physicians  and  is  based  on 
Counsel’s  opinion  obtained  by  them: 

‘Royal  College  of  Physicians  of  London 
‘Resolutions  concerning  the  Duties  of  Medical  Practitioners  in  Rela¬ 
tion  to  Cases  of  Criminal  Abortion; 


‘The  College  is  of  opinion— 

‘(i)  That  a  moral  obligation  rests  upon  every  medical  practitioner  to 
respect  the  confidence  of  his  patient;  and  that  without  her  consent  he 
is  not  justified  in  disclosing  information  obtained  in  the  course  of  his 

professional  attendance  on  her.  ■  •  i 

‘(ii)  That  every  medical  practitioner  who  is  convinced  that  criirimal 
abortion  has  been  practised  on  his  patient,  should  urge  her,  especially 
when  she  is  likely  to  die,  to  make  a  statement  which  may  be  taken  as 
evidence  against  the  person  who  has  performed  the  operation,  pro¬ 
vided  always  that  her  chances  of  recovery  are  not  thereby  prejudiced, 
‘(iii)  That,  in  the  event  of  her  refusal  to  make  such  a  statement,  he  is 
under  no  legal  obligation  (so  the  College  is  advised)  to  take  further 
action,  but  he  should  continue  to  attend  the  patient  to  the  best  of  his 

‘(iv)  That,  before  taking  any  action  which  may  lead  to  legal  proceed¬ 
ings,  a  medical  practitioner  will  be  wise  to  obtain  the  best  medical  and 
legal  advice  available,  both  to  ensure  that  the  patient’s  statement  may 
have  value  as  legal  evidence,  and  to  safeguard  his  own  interest,  since 
in  the  present  state  of  the  law  there  is  no  certainty  that  he  will  be 
protected  against  subsequent  litigation. 

‘(v)  That  if  the  patient  should  die,  he  should  refuse  to  give  a  cer¬ 
tificate  of  the  cause  of  death,  and  should  communicate  with  the 
coroner.’ 

Although  this  opinion  was  given  in  cases  in  some  which  illegal  opera¬ 
tion  or  gimilar  act  had  been  performed,  it  is  equally  valid  in  cases  in 
which  the  noxious  drug  was  placed  in  the  woman’s  hand. 

E.M.  VOL.  XII  ^ 


[vt>l  .  XU 


66  TO  XICO  l.OtiY 

la  the  pap.cs  a  tlcscnplian  is  of  the  more  iinporlaal 

paisoiis. 


asvs 


Physical 

mf/nriics 


Coal'^gas 


Sources  of 

carbon 

monoxide 


2-Ci\ti\iS 

(1)— Carbon  Monoxide 

1492.1  More  deaths  arc  ducio  this  ras  tharHo  any  other  poison.  Most  of’ 
the  deatl'is  aresuicidaL  but  niaoyare  acci<iental  and  oidy  a  tew  lioinieidal. 
Allliougli  tlm  iMiuiher  of  deaths  is  accurately  kiuAvn,  it  is  iiup^ossible  to 
cslimulc  even  approximately  the  imniher  of  the  nou  iatal  cases,  which 
appear  to  fall  into  two  eroiips:  (i)  llu>se\vitli  acute  and  urpeiit  symptoms 
Avhieh  are  recoxered  fVouu  and  (ii)  those,  tiue  to  rep.ular  siual!  thwes 
without  any  of  the  syiuptonrs  associate<l  xvith  acute  poisoninp.  la  the 
second  group,  in  which  perhaps  .S  to  H  per  eeul  (d'  the  haetuoplohiri 
becomes  converted  into  earhoxyhaemoelobin,  the  patienis  may  sidler 
from  vague  disorders.  Although  the  aKs<M;iation  ot*  cause  and  edect  is 
in  most  instances  ineapahlctd,' pimnh,  there  is  evidence  that  some  cases 
of  titc  neurasthenic  s\  ndruiue  are  due  to  such  ptdsonins'. 

Carbon  numoxidc  is  a  ctdoiiricss  and  odourless  gas  with  a  vapour 
density  of  14,  tiiat  of  hydrogen  being  1,  (he  atinosf)here  14-4,  and  earhiui 
dioxide  22.  (  arhon  niiUH)\itle,  being  sligJUly  lighter  than  air,  tends  to 
rise  to  the  top  id'  a  rinun,  wticrcas  earhi)n  diirxidc  teiiils  to  sink:  hut 
fiu*  this  fact  more  deaths  vs’ouUl  uiKh)ubtedly  iwaair.  (  arbon  imvnoxiiie, 
when  present  in  sutlieicnl  concentraliiui  in  aiiy  exph>ties  when  a  llame 
or  spark  comes  into  contact  with  the  mixture,  The  gas  hums  with  a 
bluish  llame,  as  seen  at  the  tt)p  of  a  clear  tire.  Its  poisiniinis  ellect  is 
greatly  cnlianccd  if  it  is  inhaled  willi  consiilerable  cinK.Tntratii>ns  id* 
carbon  diixxidc.  lu)r  this  reason  persons  finnul  iicad  in  l)iukhiigs  after 
a  (ire  have  rarely  been  burnt  k>  dcatli;  muamsciousness,  tn*  ileal h,  has 
generally  supervened  bclorc  the  llames  have  reached  theitu 
Cfoakgas  contains  about  14  percent  i^f  carbon  nu>noxuk*;  consequently 
an  escape  from  an  unlit  gas-burner  i>r  IViUU  a  damaged  pipe  rapiilly 
proves  (atal.  Generally  the  characteristic  i)di)iir  id'ccnil  g.as  is  present, 
but  in  some  cases  in  which  the  leakage  has  occurred  uiulcrground  the 
passage  of  the  gas  through  soil  and  the  {bunilat!i>ns  of  a  lunrse  may  si^ 
dcodori/.c  the  gas  that  it  isiuit  readily  delected  by  smell.  Burnt  coal-gas 
has  but  little  odour*  Defeetive  apparatus  leading  to  incomplete  Ci)m 
bastion,  or  insuflicicnl  ventilationio  remove  the  products  id‘combustii)n, 
takes  Us  loll. 

The  following  are  the  most  impi)riant  sources  of  carhint  monoxide 
apart  from  coal-gas  and  the  appliances  in  which  it  is  burnt:  coal,  cxike, 
and  charcoal  stoves,  especially  those  of  the  cncUrsed  type,  in  which 
the  rate  of  combustion  is  controlled  by  the  air  intake;  various  chemical 
maaufaclures;  exhaust  gas  from  motor  cars;  every  internal  cinnhustion 
engine  produces  carbon  monoxide,  the  quantity  produced  depending  on 
the  efficiency  of  the  engine;  mine  cxplosit)us,  blasting  i>pcnttioas,  and 
gundire,  the  well  known  hifler  clamp'  in  a  coaktnine  explosion  being 
a  mixture  of  carbon  monoxide  and  carbon  dioxide;  factory  furnaces, 
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blast  furnaces,  and  railway-engine  smoke;  and  tunnels  through  which 
heat  engines  or  internal  combustion  engines  pass. 

Carbon  monoxide  combines  with  haemoglobin,  forming  carboxyhaenio- 
globin,  which,  being  more  stable  than  oxyhaemoglobin,  prevents  oxypn 

from  combination.  The  reaction,  however,  is  reversible;  therefore,  if  a 
gassed  person  is  placed  in  the  open  air  where  there  is  no  carbon 
monoxide,  the  oxygen  inhaled  can  displace  the  carbon  monoxide  from 
its  blood  combination.  The  combination  of  haemoglobin  and  carbon 
monoxide  in  carboxyhaemoglobin  is  stated  to  be  nearly  300  times  as 
strong  as  the  combination  of  haemoglobin  and  oxygen  in  oxyhaeino- 
globin;  therefore,  if  a  concentration  of  0-33  per  cent  of  carbon  monoxide 
in  pure  oxygen  is  inhaled,  the  haemoglobin  of  the  blood  eventually 
becomes  50  per  cent  saturated;  but,  since  approximately  only  one-fifth 
of  the  atmosphere  consists  of  oxygen,  the  requisite  concentration  of 
carbon  monoxide  in  the  air  to  produce  a  50  per  cent  saturation  of  the 

blood  is  0-066  per  cent.  ■  u  -ii 

The  lowest  concentration  of  carbon  monoxide  in  the  air  that  will 
produce  symptoms  of  poisoning  is  0-01  per  cent,  but  such  a  concentra- 
tion  would  not  be  lethal.  Quantities  above  0-07  per  cent  are  potentially 
lethal,  and,  as  the  concentration  rises,  death  is  more  and  more  certain 
in  a  shorter  and  shorter  time. 


(a)  Acute  Poisoning 

The  post-mortem  appearances  are  very  variable.  They  depend  on  the 
degree  and  duration  of  poisoning,  the  treatment,  and  the  time  of  survival 
after  exposure.  Very  often  signs  of  carbon  monoxide  poisoning  ac¬ 
company  death  from  burns,  the  victim  often  being  unconscious  from 
carbon  monoxide  poisoning  before  being  burnt.  In  the  common  type 
of  case,  in  which  the  patient  is  found  dead  in  a  gas-filled  room,  there  is 
usually  no  evidence  of  struggling.  The  face  is  composed,  and  the  eyes 
are  closed.  The  skin  is  pinkish,  but  after  hypostasis  has  occurred  the 
colour  is  confined  to  the  hypostatic  areas.  The  blood  is  fluid  and  almost 
uniformly  cherry-red  in  veins,  arteries,  and  tissues.  Post-mortem  clot  is 
absent,  except  occasionally  for  a  small  shreddy  remnant  in  the  heart. 

The  organs  are  all  congested,  cherry-red,  and  somewhat  oedematous. 

Associated  with  the  oedema  there  may  be  polycythaemia,  due  to  con¬ 
centration  of  the  blood.  The  lungs  are  congested  and  oedematous,  and 
the  air-passages  contain  frothy  fluid.  There  may  be  a  few  petechiae, 
especially  on  the  pleurae. 

Some  cases  have  shown  red  patches  and  even  blisters  in  the  skin.  Blisters 
These  lesions,  which  are  not  common,  may  be  symmetrical,  e.g.  on 
both  palms,  or  occur  along  the  course  of  a  nerve.  They  are  probably 
due  to  slight  irritation  or  injury  in  a  state  of  increased  capillary  per¬ 
meability.  Artificial  respiration  always  leaves  marks  of  bruising. 

In  rapidly  fatal  cases  death  is  often  accompanied  by  convulsions  and  A 
there  may  be  bruising  and  evacuation  of  faeces.  Petechial  haeniorrhages 
are  more  numerous  and  may  be  present  on  the  skin,  pleurae,  pericardium, 
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and  hrain.  I’lic  iKauf  is  diiakn!,  and  the  viscera  aie  taniee.stcd.  The  fluid 
bUxul  is  liisdilv  carhtsw latcd.  Sonielitnes  the  hone  niarnnv  and  spleen, 
nwinp,  to  their  ship, rash  circulation,  siiou  \eiv  httle  chanpe.  At  other 
tiincs  the  spleen  is  cnlarp.eil  and  shows  chen\  lei!  eonp.estioin 
In  a  few  cases  in  which  tlie  inhaled  p,as  also  contained  consideiahle 
pia^xirtions  id'  caihon  dioxide  or  lacked  the  nounal  proptutious  (d 
oxygen  found  in  the  aii,  Ii\idit>  <4"  the  hiuK  ina\  to  siuue  extent  mask 
the  characteristic  bright  eheir>  oed  i^oUnu  oft  lie  etvip%c, 

When  patiaii  When  the  patient  has  been  renune<l  fioiu  the  inllnence  ot'  llie  pas,  the 
i^moZhroni  ^'^crryu'cd  coloration  nia\  he  Cimsiderahlv  ledueed.  lArn  after  oiu' 
gas  '  hour’s  treatment  it  may  not  he  easily  discetmhle.  When  the  circumstanees 
do  not  clearly  indicate  the  nature  of  the  case,  an  unpuldisiied  ohsci\a 
tion  by  Newcomb  mav  he  of  great  value:  small  pieces  oj*  lisMie  taken 
for  inicroscup)  tjuickly  lose  their  retl  Cidonr  m  Itumol  saline,  but  if 
carboxyhaemop.Uibin  is  present  the  colour  peisists  jorloitx  eipju  hours 
and  longer,  'fhe  supernatant  fluid  also  lemains  cnloured. 

Jn  death  from  In  patients  who  have  died  in  evuna  sevcial  ilass  alter  the  psissmp 
emnasevend  hypostatic  pneumonia  is  generally  (uesent,  I  he  cells  ot  the  t'crebral 
gJssini^  grey  matter  show’  deg.enerati\e  changes,  and  (heie  mav  he  [HUeeliial 
haemorrhag.es.  In  some  of  these  eases  there  is  bilateral  scd  tmuug  of  the 
pallidal  part  of  the  lenticular  nuclei,  lladtield  assiKuated  this  with  die 
arterial  siderosis  found  in  the  globus  pallidus  m  about  >i)  per  cent  of 
people  over  twenty.  Siderosis  of  the  globus  palltdiisaud  itsaitcrial  supply 
is  greater  in  the  anterior  half  oi'  the  ganpjuun  which  is  wliere  the  soften 
ing  occurs.  I'iiorc  can  be  little  doubt  tliat  the  softemniw  are  Ihromlmtic 
in  origin.  With  severe  atheromatosis  eerebra!  softenin.n.  may  fie  moie 
extensive  and  inxrgiilar, 

S.ympkmw  Whem  atnmspheric  air  containing  carlxui  monoxide  is  inhaled,  the 
percentage  of  haemoglobin  combined  with  car  bon  monoxide  steadily 
rises,  but  the  first  symptoms  are  not  noticed  until  the  dO  per  cent  level 
is  reached:  sliortness  of  breath  on  excrdtin,  headache,  and  lassilndc*. 
At  30  per  cent  there  arc  severe  headache,  nausea,  giddiness,  tinnitus, 
and  throbbing  of  the  heart,  1  here  is  considerable  dyspmwa  on  the 
slightest  cKcrtiom 

Other  symptoms  are  convulsions  and  involuntary  |Kissap,e  of  urine  and 
faeces  in  the  laic  stages.  An  examination  of  the  patient  may  show  fiatches 
of  reddish-pink  discoloration  of  the  skin  and  sometimes  blisters, 
resembling  those  due  to  burns,  commonly  situated  on  the  hands  ami 
feet.  Glycosuria  and  albuminuria  have  been  rcciuxled. 

Death  The  urgent  symptoms  increase  witit  the  rising  percentage  of  carbon 

monoxide,  until  at  between  50  and  60  per  cent  unconsciousness  iiecurs, 
and  at  75  to  80  per  cent  death  takes  place,  ‘fhese  lig,urcs  apply  to  a  fairly 
rapid  rise  in  concentration,  If,  however,  the  carbon  monoxide  ctmtent 
of  the  air  is  such  that  the  rise  of  blood  carbon  monoxide  is  very  slow, 
unconsciousness  may  supervene  at  a  lower  concentration,  and,  if  the 
patient  remains  unconscious  for  a  long  time,  deatli  may  take  place 
at  the  50  to  60  per  cent  level  If,  howcveiy  he  is  removed  from  the 
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atmosphere  before  death  occurs,  he  may  remain  unconscious  for  some 
hours  and  may  die  or  gradually  recover.  This  is  due  to  the  damage 
to  the  brain  cells  by  a  long-coptinued  anoxaemia. 

When  a  patient  is  removed  from  the  poisonous  atmosphere,  the  carbon  Recovery 
monoxide  rapidly  disappears  from  the  blood,  and  a  sample  of  blood 
taken  i  to  1  hour  later  may  fail  to  show  any  carbon  monoxide  or  at 
most  5  to  10  per  cent.  If  the  person  is  found  dead  in  a  gas-filled  room,  a 
determination  of  the  carbon  monoxide  in  the  blood  will  often  show 
quantities  of  70  to  80  per  cent. 

During  convalescence  headache  may  be  troublesome,  and  peripheral 
neuritis,  mainly  of  the  lower  extremities,  with  tenderness  over  the  nerves, 
has  been  described.  Finally,  various  mental  disturbances  with  amnesia 
occur. 

In  cases  in  which  the  carbon  monoxide  has  been  derived  from  burnt 
gas  and  consequently  the  cause  of  the  coma  has  not  been  suspected, 
the  diagnosis  has  sometimes  been  completely  missed  owing  to  the  rapid 
disappearance  of  carbon  monoxide  from  the  blood. 

(ft)  Chronic  Poisoning 

Symptoms  associated  with  chronic  poisoning  by  carbon  monoxide  are  Diagnosis 
common  to  other  conditions;  therefore  diagnosis  can  only  be  made 
when  proof  is  forthcoming  of  the  exposure  to  the  gas.  Nevertheless 
many  writers  regard  this  condition  as  commoner  than  is  usually  sus¬ 
pected.  If  the  diagnosis  is  attempted,  it  should  be  realized  that  concentra¬ 
tions  of  5  to  8  per  cent  must  be  expected.  The  ordinary  chemical  and 
spectroscopic  tests  will  therefore  not  yield  positive  results,  and  recourse 
to  special  methods  must  be  made,  such  as  the  Hartridge  reversion 
spectroscope.  The  sample  of  blood  must  be  taken  at  the  time  of  exposure 
and  examined  at  once. 

The  symptoms  are  those  generally  of  neurasthenia,  with  headache,  Symptoms 
nausea,  want  of  energy,  a  tired  feeling,  lack  of  concentration,  irritability, 
giddiness,  especially  on  looking  upwards,  and  ataxy.  Sometimes  a 
secondary  anaemia  with  a  lymphocytosis  may  be  found. 

When  chronic  poisoning  from  carbon  monoxide  is  suspected,  it  may 
be  worth  while  to  test  the  suspected  atmosphere  by  one  of  the  recognized  ^^ff^osphere 
chemical  methods,  but,  for  example,  in  a  living  room  in  which  some 
heating  apparatus  is  suspected,  a  mouse  in  a  cage  may  be  placed  so  that 
it  will  inhale  any  fumes  from  the  apparatus.  These  animals  are  very 
sensitive  to  very  small  concentrations  of  carbon  monoxide,  and  in  the 
event  of  death  the  blood  may  readily  be  examined  with  the  spectroscope 
for  the  presence  of  carbon  monoxide  (see  Vol.  II,  Plate  VI,  facing 
n.  4991. 

Removal  of  the  source  of  carbon  monoxide  is  the  essential  factor  in  Tieatment 
treatment. 

(2) — ^War  Gases 

See  title  Gassing  and  Poison  Gases  in  War,  Vol.  V,  p.  502. 
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(1)— Aekls 

{a)  /fydroi'hh^ric  ritiiJ 

( SvNoin'rtt.  Spirit',  t si 

t4^)3.|  I'hiK  is  a  cotoiH’lcss  jiijtiid  wiuMi  pun%  ctuitai {tinj’  pci  rent  ln‘ 
vveipht  ro.pcti  chloritlc  at  st^utiimi.  1  hc‘  'Jioitp,  ariii  UMtiiU 

fu ntes  itfhvil nyt^on  chloritic.  Most  rases  nf  pristmiai*  arc  suicidaL 
Since  the  action  of' (Itis  acid  niainl>  dcpciuls  on  its  ronrctitratimp  it  is 
ttol  possible  to  fa  the  fatal  dose,  bat  death  has  been  due  abtnil  half 
a  lliiid  ounce  of  the  strone  acid.  !he  fatal  fnaaoil  ilrpends  iin  the 
ciuantity  taken.  Death  has  (H'cnrretl  iti  a  ie\\  ininutr'''s  hut  usualU  it 
occurs  ^vithin  twenty  foui  hours. 

rhe  skin  olVers  p, renter  resistatu/e  to  hcdroehloi ic  than  to  ‘ailjduui<i 
and  nitric  acids,  and  cutaneous  eoiaaedon  about  the  ninuth  is  unusual, 
but  it  may  ho  seen  whcit  the  skin  is  thin,  as  in  radv  cliildhtanh  when 
the  exposure  is  prolonp.ed,  aiul  when  the  aeid  is  einusaituited ;  the  etteets 
arc  generally  less  severe  also  on  the  tnneuus  surlares.  In  the  uppm"  foml  * 
passap.es  the  chanp.es  may  he  \t^ry  sliyht,  \s  a  lule  there  is  (‘\ttaai\e 
innanuuatory  redclcinni*  with  petcehiae;  the  epithehutu  ol  the  pliatyns 
and  ocsopliapus  may  in  places  be  white  ami  opatpie.  Ihdc^ss  t!ii’* 
necrosed  epithelium  is  detached,  the  niulcrlsiny  inllainination  i\ 
obscured.  Sometimes  the  eharpees  resemble  those  priHliicml  by  the  nuu’c 
strongly  corrosive  aeitis.  'The  stoniaeh  is  usually  eoiiiraeted,  with  pro 
mineiit  ctU'i'Ugatinn  of  the  mucosa  whicli  is  a  little  hardened  and  slaty 
grey  or  brownish.  'The  corrosiim,  however,  is  tdten  much  more  iiitcaeaa 
with  acid  necrosis  of  haemorrhagic  tissue  and  the  tormation  ot  Idai'k 
sloujdts,  the  black  cobuir  being  due  to  aeid  hacinatin.  I  he  changes  are 
more  marked  alonplhcHnesofthcnig.aev  especially  upon  the  ilefwfuleid, 
i.c,  posterior,  wall  ofthe  fuiKius.  In  severeeases  pmforatiim  iseoninum. 
The  small  intestine  in  typical  eases  is  only  slipjttly  aflcetcd.  Strong  acul 
corrosive  elTccIs  due  to  inhalation  of  t*nmes  au'  eiuniuim  ami  irndude 
oedema  ofthe  larynx,  petechial  raidening,  id*  the  traeliea  and  luamehi, 
and  congestion  and  oedema  ofthe  lungs. 

There  is  immediate  burning  pain  front  the  mouth  the  sUimaeh  and 
radiating  over  the  abdomen.  Hie  skin  lauind  the  mouth  and  the  mucous 
membrane  of  (he  mouth  and  throat  are  iiestroyanh  being,  vvliitish  at 
first  but  soon  becoming  brownish  and  separating  in  shreds.  The  vtnee 
is  husky,  and  there  arc  retching  and  vomiting,  the  vomit  eonfaitiing 
shreds  of  mucous  membrane  and  altered  blood,  vvhieii  is  strongly  acid. 
There  arc  shock  and  collapse,  with  a  rapid  feeble  pulse,  coldness  in  the 
cxtremiitics,  clammy  sweating,  thirst,  and  depression. 

Acid  burns  arc  often  seen  on  the  clothing. 

Owing  to  the  volatility  of  hydrogen  chloride,  or  when  some  of  the 
liquid  reaches  the  air-passages,  there  may  be  inllarnnKition  of  the  gjodis 
and  larynx  and  later  oedema  of  the  lungs,  with  dyspnoea  and  the  usnal 
physical  signs.  Constipation  is  the  rule.  Perforatiou  of  the  stomach  is 
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common.  Should  the  patient  survive,  strictures  of  the  oesophagus  or  of 
the  pylorus  may  occur.  The  gastric  mucosa  is  largely  destroyed  with 
loss  of  function,  and  eventually  surgical  treatment  for  the  relief  of 

Stricture  may  be  necessary. 

Prognosis  is  bad  in  the  patients  who  recover  from  the  acute  symptoms.  Prognosis 
Alkalis  should  be  administered  immediately,  but  carbonates  and  Treatment 
bicarbonates  must  be  avoided  because  they  generate  carbon  dioxide, 
which  may  distend  and  burst  the  stomach.  Since  the  patient  has 
dysphagia,  the  alkalis  should  be  given  in  solution;  the  best  preparation 
is  saccharated  solution  of  calcium  hydroxide  (lime-water),  but  m  an 
emergency  soap  solution  may  be  utilized.  Demulcents  may  also  e 
given,  e.g.  milk,  oil,  albumen,  and  barley  water.  Morphine  is  necessary 
to  relieve  pain,  and  the  state  of  shock  will  require  suitable  remedies. 
Occasionally  the  condition  of  the  glottis  necessitates  tracheotomy.  The 
stomach-tube  must  not  be  used  on  any  account. 


(b)  Nitric  Acid 

{Synonyms. — Aqua  fortis ;  red  spirit  of  nitre) 

This  is  usually  a  colourless  liquid  but  is  sometimes  reddish-brown 
owing  to  the  presence  of  oxides  of  nitrogen.  The  ordinary  strong  acid 
contains  70  per  cent  by  weight  of  nitric  acid,  HNOs,  but  Aere  is  also 
manufactured  a  stronger  preparation,  fuming  nitric  acid,  which  is  always 
reddish-brown  and  contains  about  94  per  cent  by  weight  of  nitric  acid. 


Physical 

properties 


Both  strengths  readily  give  off  acid  fumes.  . j 

The  fatal  dose  and  period  are  the  same  as  for  hydrochloric  acid  FateWo.e 
/g00  -p  yo") 

Though  it  is  interfered  with  by  other  colour  changes,  the  most  striking  MorW 

feature  at  necropsy  is  the  bright  yellow  coloration  of  the  xanthoproteic 
reaction.  The  circumoral  skin  is  almost  always  stained,  because  the  acid 
reacts  so  readily  with  the  dead  keratin.  Evidence  of  deeper  corrosion, 
however,  is  less  frequent.  On  the  mucous  surfaces  the  effects  may  be  as 
severe  as  with  sulphuric  acid.  They  depend  on  the  concentration,  dose, 
treatment,  and  time  of  exposure.  Two  grades  or  stages  of  corrosion 
can  be  recognized:  (i)  epithelial  necrosis  and  yellow  staining  associated  ; 
with  inflammatory  and  petechial  reddening;  and  (ii)  deeper  necrosis  o 
haemorrhagic  tissue  with  the  massive  formation  of  acid  haematin.  T  i 

changes  of  the  first  grade  are  diffuse.  Those  of  the  second  follow  where 

there  are  much  friction  and  muscular  movements  which  break  up  the 
caked  necrotic  surface  and  expose  the  deeper  layers.  are 

usually  most  pronounced  in  the  fundus  of  the  stomach,  where  the  bulk 
of  the  poison  is  accommodated.  Perforation  of  the  stomach  here,  before 
or  after  death,  is  not  uncommon. 

In  a  typical  case  the  mucous  membrane  of  the  mouth,  pharynx,  and 
oesophagus  is  mottled  yellow  and  red.  In  the  lower  end  of  the  oesophagus 
and  where  it  crosses  the  bronchus  the  wall  may  be  thickened,  dark 
greenish-brown  or  black,  the  friable  surface 

Lking  The  pillars  of  the  fauces,  the  upper  part  of  the  epiglottis,  and 
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3.-CORROSIVBS 

(1)— Acids 

(a)  Hydrochloric  Acid 

(Synoiiyin.  Spirils  ol  sails) 

1493.]  This  is  a  colourless  liquid  when  pure,  eoulaiiiini’  M  per  cent  by 
weight  of  hydrogen  chloride  in  solution.  The  .slroiig  acid  readily  gives  oil 
fumes  of  hydrogen  chloride.  Most  cases  of  poisoniii!-,  are  suicidal. 

Since  the  action  of  this  acid  mainly  depends  on  its  concent ral ion,  il  is 
not  possible  to  fix  the  fatal  dose,  but  death  has  been  due  to  about  half 
a  fluid  ounce  of  the  strong  acid.  1'he  fatal  period  depemis  on  (he 
quantity  taken.  Death  has  occurred  in  a  few  minutes,  but  usually  it 
occurs  within  twen  ly- 1  o  u  r  h o  u  rs . 

The  skin  offers  greater  rcsistancrc  to  hydrochloric  than  to  sulplunic 
and  nitric  acids,  and  cutaneous  corrosion  nhoui  the  mouth  is  unusual: 
but  it  may  bo  seen  when  the  skin  is  thin,  as  in  early  childhood,  when 
the  exposure  is  prolonged,  and  when  the  acid  is  concentrated,  the  elUxts 
are  generally  less  severe  also  on  the  nuieous  suiiaees.  In  the  upper  loud  • 
passages  the  changes  may  be  very  slight.  As  a  rule  theie  is  extensi\e 
mflammatory  reddening  with  pelcchiae;  the  epithelium  ol  the  pliarynx 
and  oesophagus  may  in  places  be  white  and  opatpic.  Unless  this 
necrosed  epithelium  is  detached,  the  underlying,  innaminalion  is 
obscured.  Sometimes  the  changes  resemble  those  produced  by  the  more 
strongly  corrosive  acids.  The  stoinacli  is  usually  contracted,  with  pro¬ 
minent  corrugation  of  the  mucosa  which  is  a  little  hardened  and  slaty  ’ 
grey  or  brownish.  The  corrosion,  however,  is  often  much  more  intense, 
with  acid  necrosis  of  haemorrhagic  tissue  and  the  tormation  ol  black 
sloughs,  the  black  colour  being  due  to  acid  haeinatiu.  I  he  changes  are 
more  marked  along  the  lines  of  the  rugae,  especially  upon  the  dependent, 
i.e.  posterior,  wall  of  the  fundus.  In  severe  eases  peiforalion  is  common. 
The  small  intestine  in  typical  cases  is  only  slightly  alfcetcd.  Strong  acid 
corrosive  effects  due  to  inhalation  of  fumes  arc  common  anti  include 
oedema  of  the  larynx,  petechial  reddening  of  (he  trachea  and  hiamclu, 
and  congestion  and  oedema  of  the  lungs, 

There  is  immediate  burning  pain  from  the  mouth  to  the  stomach  and 
radiating  over  the  abdomen.  The  skin  round  the  mouth  and  the  mucous 
membrane  of  the  mouth  and  throat  are  destroyed,  being  whitish  at 
first  but  soon  becoming  brownish  and  separating  in  shreds.  'The  voice 
is  husky,  and  there  arc  retching  and  vomiting,  the  vomit  containing 
shreds  of  mucous  meinbranc  and  allered  blood,  which  is  strongly  acid. 
There  are  shock  and  collapse,  with  a  rapid  feeble  pulse,  coldness  in  the 
extremities,  clammy  sweating,  thirst,  and  depression. 

Acid  burns  are  often  seen  on  the  clothing. 

Owing  to  the  volatility  of  hydrogen  chloride,  or  when  some  i>f  the 
liquid  reaches  the  air- passages,  there  may  be  inllammation  of  the  glottis 
and  larynx  and  later  oedema  of  the  lungs,  with  dyspnoea  and  the  usual 
physical  signs.  Constipation  is  the  rule,  l^crforation  of  the  stomach  is 
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common.  Should  the  patient  survive,  strictures  of  the  oesophagus  or  of 
the  pylorus  may  occur.  The  gastric  mucosa  is  largely  destroyed^  with 
loss  of  function,  and  eventually  surgical  treatment  for  the  relief  of 
stricture  may  be  necessary. 

Prognosis  is  bad  in  the  patients  who  recover  from  the  acute  symptoms.  Prognosis 
Alkalis  should  be  administered  immediately,  but  carbonates  and  Treatment 
bicarbonates  must  be  avoided  because  they  generate  carbon  dioxide, 
which  may  distend  and  burst  the  stomach.  Since  the  patient  has 
dysphagia,  the  alkalis  should  be  given  in  solution;  the  best  preparation 
is  saccharated  solution  of  calcium  hydroxide  (lime-water),  but  in  an 
emergency  soap  solution  may  be  utihzed.  Demulcents  may  also  be 
given,  e.g.  milk,  oil,  albumen,  and  barley  water.  Morphine  is  necessary 
to  relieve  pain,  and  the  state  of  shock  will  require  suitable  remedies. 
Occasionally  the  condition  of  the  glottis  necessitates  tracheotomy.  The 
stomach-tube  must  not  be  used  on  any  account. 


(6)  Nitric  Acid 

{Synonyms. — Aqua  fortis;  red  spirit  of  nitre) 

This  is  usually  a  colourless  liquid  but  is  sometimes  reddish-brown  Physkal^ 
owing  to  the  presence  of  oxides  of  nitrogen.  The  ordinary  strong  acid 
contains  70  per  cent  by  weight  of  nitric  acid,  HNO3,  but  Aere  is  also 
manufactured  a  stronger  preparation,  fuming  nitric  acid,  which  is  always 
reddish-brown  and  contains  about  94  per  cent  by  weight  of  nitric  acid. 

Both  strengths  readily  give  off  acid  fumes.  r-  r  r  j 

The  fatal  dose  and  period  are  the  same  as  for  hydrochloric  acid  Fatddosem 

^  Though  it  is  interfered  with  by  other  colour  changes,  the  most  striking 
feature  at  necropsy  is  the  bright  yellow  coloration  of  the  xanthoproteic 
reaction.  The  circumoral  skin  is  almost  always  stained,  because  the  acid 
reacts  so  readily  with  the  dead  keratin.  Evidence  of  deeper  corrosion, 
however,  is  less  frequent.  On  the  mucous  surfaces  the  effects  may  be  as 
severe  as  with  sulphuric  acid.  They  depend  on  the  concentration,  dose, 
treatment,  and  time  of  exposure.  Two  grades  or  stages  of  corrosion 
can  be  recognized:  (i)  epithelial  necrosis  and  yellow  staining  associated 
with  inflammatory  and  petechial  reddening;  and  (11)  deeper  necrosis  of 
haemorrhagic  tissue  with  the  massive  formation  of  acid  haematin.  The 
changes  of  the  first  grade  are  diffuse.  Those  of  the  second  follow  where 
there  are  much  friction  and  muscular  movements  which  break  up  the 
caked  necrotic  surface  and  expose  the  deeper  l^-yets.  The  chanps  are 
usually  most  pronounced  in  the  fundus  of  the  stomach,  where  the  bulk 
of  the  poison  is  accommodated.  Perforation  of  the  stomach  here,  before 
or  after  death,  is  not  uncommon. 

In  a  typical  case  the  mucous  membrane  of  the  mouth,  pharynx,  and 

oesophagus  is  mottled  yellow  and  red.  In  the  lower  end  of  the  oesophagus 

and  where  it  crosses  the  bronchus  the  wall  may  be  thickened,  dark 
greenish-brown  or  black,  the  friable  surface  being  broken  up  and 
flaking.  The  pillars  of  the  fauces,  the  upper  part  of  the  epiglottis,  and 
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the  back  of  the  buccopharynx  may  bo  similarly  alUvlcd.  1  In- re  inay  be 
considerable  oedema  of  the  valkculac  and  larynpicai  vcsIiImiIo.  I  n  I  he 
stomach  the  black  sloughing  mucosa  ofllic  hindus  may  he  coaled  vvilh 
black  tarry  blood.  Usually  the  pyloric  end  ol  (he  slomach  shows  less 
severe  corrosive  inflammatory  cliaiigcs,  which  cxlcnd  lor  a  vaiiable 
distance  into  the  small  intestine.  Bilcslaining,  which  in  (Ins  region  must 
be  distinguished  from  the  xanthoproteic  coloration,  is  not  so  bright 
and  opaque  and  does  not  react  to  ammonia.  'I  hc  lungs  arc  congested, 
and  especially  with  the  strong  and  ‘fuming’  acids  there  may  be  corrosive 
changes  in  the  air-passages.  The  other  organs  show  parenchymatous 
degeneration.  The  remote  effects  arc  similar  to  those  of  sulphuric  acid 

(seep.  73).  .  . 

Symptoms  In  general  the  symptoms  of  nitric  acid  poisoning  arc  similar  to  hose 
of  hydrochloric  acid  poisoning  (see  p.  70),  hut  the  slaming  ol  the 
mouth  is  bright  yellow,  due  to  the  xanthoproteic  reaction.  The  vomit 
may  contain,  in  addition  to  altered  blood,  brii’.hl  yellow  shreds  ol 
detached  mucous  inembrano.  The  action  of  the  acid  on  the  tissues  leads 
to  the  formation  of  gas;  consequently  distressing  acirl  eructations  are 
common.  Respiratory  embarrassment  may  reiiuire  tracheotomy,  and 
some  hours  after  the  taking  ol  the  poison  there  may  lic  hionehilis  and 
acute  oedema  of  the  lungs. 

Treatment  Treatment  should  follow  thelines  indicatetl  on  page  7I ,  hut,  in  view  ol 
possible  pulmonary  complications,  whicli  are  mucli  more  likely  to  oeeur 
than  in  hydrochloric  acid  poisoning,  it  is  desirable  to  support  the  patient 
on  pillows. 
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(c)  Sulphuric  Acid 

{Syfjonvfih  '  Oil  of  vitriol) 

This,  when  pure,  is  a  colourless  oily  liquid  coutainini^  95  to  98  per 
cent  of  the  acid,  H2SO4.  It  is  a  powerful  dcliydratiiH’  and  when 

added  to  water,  produces  a  considerable  rise  in  temperature  ol  the 
mixture.  Organic  substances  are  readily  chtirrcd  when  l>rt>uidtt  into 
contact  with  the  strong  acid 

It  has  been  used  in  mistake  for  oil,  glyccriu,  and  syrups  with  latal 
results  and  has  actually  been  put  in  the  car.  The  crime  known  as  vitriol 
throwing  consists  of  projecting  some  of  ihc  strong  acid  at  the  viclini. 
The  fatal  dose  and  period  of  survival  arc  the  same  as  ibr  hydro¬ 
chloric  acid  (see  p.  70). 

The  post-mortem  changes  vary  with  the  strength  and  dose.  With 
accumulator  acid  (strength  about  25  per  cent)  they  resemble  those  seen 
with  hydrochloric  acid  (seep.  70).  When  the  acid  is  liiglily  conecntralcch 
however,  deliydrative  charring  is  a  dislinguishing  fcaUirc.  'fhe  charred 
areas  are  brownish  to  black,  but  blackening,  as  with  other  acids,  is  due 
mostly  to  acid  necrosis  and  the  formation  of  acid  hacmaliti.  C'orrosion 
with  blackening  of  the  lips  andcircumoral  skin  is  almost  constant,  lire 
tongue  is  greatly  swollen,  the  mucous  membrane  being  opaque  white  oi' 
brown.  The  teeth  are  chalky  white  and  lustreless.  The  fauces,  epiglottis. 


S.KEY  1493]  HOMICIDAL,  SUICIDAL.  ACCIDENTAL  73 

and  back  of  the  pharynx  are  severely  corroded.  The  aryepiglottic  folds 
are  swollen,  laryngeal  oedema  being  sometimes  the  cause  of  death, 
especially  in  children  on  account  of  their  small  size.  The  oesophagus  is 
contracted,  corrugated,  and  swollen;  where  it  crosses  the  bronchus  and 
at  its  lower  end  there  is  generally  severe  corrosion,  the  lesions  being 
sometimes  linearly  arranged  along  the  folds.  Occasionally  the  changes 
in  the  passages  above  are  surprisingly  slight  and  are  nearly  always  less 
severe  than  in  the  stomach.  In  this  organ  the  changes  are  less  towards 
the  pyloric  end  and  may  be  confined  to  the  rugae,  which  are  blackeiied 
and  eroded.  In  severe  cases  the  wall  is  extensively  damaged,  being 
black,  friable,  and  often  perforated.  Perforation  with  escape  of  the 
stomach  contents  into  the  peritoneal  cavity  is  associated  with  superficial 
blackening  of  the  adjacent  viscera;  usually  perforation  is  the  result 
of  post-mortem  corrosion;  when  it  has  occurred  before  death,  the 
quantity  escaping  into  the  abdominal  cavity  may  be  considerable 
and  peritonitis  may  follow.  Owing  to  post-mortem  diffusion  ot  the 
acid  the  blood  in  the  large  vessels  of  the  trunk  may  be  tarry  or  inspis¬ 
sated,  like  sticks  of  liquorice.  The  small  intestine  is  usually  affected  for 
only  a  short  distance,  the  lesions  being  most  marked  on,  or  confined  to, 
the  transverse  folds.  Sometimes,  however,  lesions  occur  even  m  the 


lower  ileum.  .  , 

The  body  shows  signs  of  dehydration.  The  liver  may  be  mtty,  an 
there  may  be  parenchymatous  degeneration  in  other  organs.  The  lungs 
are  congested  and  may  show  acid  digestion.  When  the  poison  has  been 
directly  aspirated  into  the  lungs,  destruction  of  the  soft  and  skeletal 
structures  of  the  thorax  may  be  very  striking.  Broncho-pneumonia  is 
unusual  and  present  only  when  death  has  been  delayed  for  a  ew  ^  . 

In  patients  who  have  recovered  from  the  immediate  symptoms  but 

have  succumbed  later  to  the  cicatricial  scarring  in  the  oesop  agus  an 
stomach  there  are  the  changes  of  inanition  cachexia.  •  _ 

When  this  acid  comes  into  contact  with  the  skin,  it  causes  great  pain.  Symptoms 
burning,  and  permanent  scarring.  Should  any  reach  the  eye,  Wmdness 
commonly  results.  Owing  to  its  dehydrating  and  charring  effects  the 
symptoms  are  even  more  severe  than  those  seen  with  the  other  mineral 
acids,  but,  unless  any  of  the  acid  reaches  the  air-passages,  respiratory 
embarrassment  is  not  likely  to  occur.  The  tongue  rapidly  swells,  the 
corrosion  extending  to  the  deeper  layers.  Salivation  is  profuse  and 
owing  to  the  pain  and  corrosion  of  the  throat,  swallowing  is  y  y 
difficult.  There  are  extreme  thirst,  retching,  and  vomiting  of  bla(± 
material,  which  is  partly  altered  blood  and  partly  f 
mucous  membrane.  Collapse  and  shock  are  severe  Perforation  of  the 

stomach  is  common.  Unless  a  very  small  dose  has  been  taken  recovery 

is  not  common,  but  when  it  occurs  there  are  generally  formation  ot 

strictures  and  loss  of  gastric  function.  . ,  ,  -ti\  tr  *  * 

Treatment  is  essentially  the  same  as  for  hydrochloric  acid  (see  p.  71)  Treatment 
but  the  excessive  dysphagia  renders  difficult  the  administration  o 
antidotes.  Morphine  is  always  necessary  for  pain. 
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(2)— AlkaUs  ^ 

(a)  Potassium  and  Sodium  Conipowtos 
1494.1  The  caustic  alkalis  coaiprisc  polassiun.  Iiydrcxulc,  slrouj-  con¬ 
centrations  of  potassium  carbonalc,  sodium  hytiroxuic,  and  slunig 
concentrations  of  sodium  carbonate.  The  hydroKidcs  arc  commonly 
prepared  in  stick  form  and  arc  deliquescent  solids. 

Since  concentration  plays  a  very  importanl  pari  in  (he  e  lects  of 
poisoning  by  these  substances,  it  is  diflicult  to  lix  an  averaf-e  I atal  dose 
Probably  about  half  an  ounce  of  the  hydroxide  and  larser  (luanlKies  ol 
the  carbonates  would  have  to  be  taken  to  produce  death. 

The  period  during  which  death  may  occur  larircly  depends  mi  (lie 
quantity  taken;  when  large  doses  have  been  swallowed,  death  may 
follow  in  about  twelve  hours  or,  if  Uie  acute  phase  is  recovered  Irom, 
death  may  be  delayed  for  weeks.  In  more  than  hall  the  lalal  eases 
death  is  due  to  inanition  or  to  aceielcnts  attendini',  the  (leatinent  ol 
cicatrices  produced  by  the  poison. 

The  post-mortem  appearances  dilTer  entirely  aecordiiip  as  eleath  oeeui  s 
early  from  caustic  corrosion  or  laic  from  eicalneial  slenosis,  tins 
difference  being  determined  in  the  first  place  by  ( lie  eonecut  rati  on  and  (lie 
dose  of  the  poison  swallowed,  the  degree  of  corrosion  dependmi',  on  the 
concentration,  and  the  anatomical  distribution  olThc  lesions  on  I  he  dose. 

In  acute  cases  the  following  appearances  are  conmioiily  met.  Hie 
lips,  cheeks,  gums,  and  tongue  are  swollen.  In  the  pharynx  and  tlic 
oesophagus  (where  it  crosses  the  left  hroneluisand  at  the  lower  end)  the 
corrosion  is  more  severe.  The  wall  is  swollen  by  oedema,  ami  the  neerolie 
surface  is  haemorrhagic  and  fibrinous.  Asa  rule  patc-hes  ol  liaeiuonhai’.ii. 
necrosis,  brownish  from  the  formation  ol  alkaline  liaemaliii,  arc  piesent 
in  the  stomach;  since  they  tend  to  occur  on  (he  dependeiil  parts,  the 
lesser  curvature  may  escape  and  (he  posterior  wall  he  alleeted  most. 
The  contents  arc  usually  brownish  owing  to  altered  blood.  In  most 
cases,  especially  as  the  result  of  treatment,  they  are  acid.  In  very  mai  ketl 
contrast  to  what  happens  in  poistming  by  strong  mineral  acids,  perfora¬ 
tion  is  extremely  rare.  It  would  appear  that  the  acidity  of  the  gastric 
secretion  is  to  some  extent  protective.  In  these  eases  death  is  due-  to 
shock,  and  the  right  heart  is  found  empty.  In  otiier  cases  licath  is  the 
result  of  asphyxia  from  laryngeal  corrosion  and  subsequent  oedeiua; 
this  is  more  likely  to  occur  in  children  owing  to  llu-  small  si/.c  ol  Ihe 
larynx.  When  death  is  delayed  for  several  clays  it  may  be  due  to  aspira¬ 
tion  broncho-pneumonia. 

In  patients  who  succumb  after  many  weeks  or  months  (here  arc  general 
wasting  and  anaemia  from  the  starvation  duo  to  cicatricial  slenosis, 
which  is  commonest  in  the  oesophagus  and  especially  at  llic  following 
levels;  the  lower  end,  opposite  the  tracheal  bifurcation,  and  the  upper 
end.  Stenosis  may  be  single  or  multiple,  or  the  whole  oesophagus  may 
be  affected.  The  obstruction  may  be  complete. 

Cicatricial  scarring  may  also  occur  in  the  stomach  and  produce  pyloric 
stenosis  or  prepyloric  stenosis  with  the  formation  of  hour-gla.ss 
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deformity.  Whether  or  not  corrosive  scarring  predisposes  to  malignant 
disease  is  uncertain,  but  chronic  peptic  ulceration  may  occur.  The  great 
majority  of  chronic  cases  will  have  undergone  surgical  treatment,  and 
very  often  death  is  due  to  post-operative  shock,  broncho-pneumonia,  or 
some  accident,  such  as  false  passage  by  a  bougie.  ^ 

The  degree  of  concentration  of  the  poison  is  the  important  factor. 
When  a  concentrated  solution  is  taken,  a  slimy  soapy  sensation  is 
noticed,  followed  by  an  intense  burning  pain  extending  from  mouth  to 
stomach.  The  lips  and  tongue  are  swollen,  the  mucous  surface  being  at 
first  whitened  but  later  brownish.  Retching  and  vomiting  occur  immedi¬ 
ately.  The  vomit,  apart  from  food,  is  at  first  mucoid  and  strong  y 
alkaline  to  litmus;  later  it  is  brownish  and  contains  alkahne  haematm 
with  necrotic  shreds  of  mucous  membrane.  Shock  is  severe,  the  skm 
being  cold  and  clammy  and  the  pulse  rapid  and  feeble.  There  is 
generally  diarrhoea.  Patients  dying  from  shock  are  clear  mentally  until 
the  end.  The  larynx  may  be  affected,  causing  a  spluttering  cough  and 
dysphonia.  There  may  be  associated  respiratory  obstruction  requinng 
tradieotomy,  especially  in  children.  Aspiration  of  matenal  into  the  lungs 
may  set  up  fatal  broncho-pneumonia. 

When  the  concentration  has  been  low,  the  symptoms  are  correspond¬ 
ingly  slight  and,  if  treatment  is  prompt  and  energetic,  there  may  be 
complete  recovery.  When  corrosion  has  occurred,  there  will  always  be 
cicatricial  contracture  later.  This  is  commonest  in  t  e  oesop  a^s, 
resulting  in  dysphagia,  which  may  lead  to  complete  obstruction.  T 
damage  to  the  stomach  will  lead  to  loss  of  gastric  function;  the  patient 
wastes  and  even  with  efficient  treatment  will  be  hkely  to  die  from  inani¬ 
tion  in  a  few  weeks  to  a  year.  Perforation  of  the  stomach  in  the  acute 
occurred  but  is  uncommon. 

TOe  poison  shonld  te  immodiately  diluted  with  water  containing  some 
dUute  acid,  e.g.  vinegar  or  lemon  juice.  These  adds,  however,  must  be 
avoided  if  the  carbonate  has  been  taken,  and  magnesium  sulph 
should  be  substituted.  Some  authorities  suggest  the  use  of  the  stomach- 
tube,  but  this  is  better  avoided  on  account  of  the  damage  that  inay  be 
effected.  Demulcents,  e.g.  white  of  egg,  barley  water  and  oily  emulsions, 
may  be  given.  Shock  must  be  combated,  and  morphine  will  be  required 
to  relieve  the  pain.  Respiratory  embarrassment  may  make  tracheotomy 

“S'  who  recover  from  the  acute  stage  will  probably  require 
surgical  treatment  later  for  the  relief  of  contractures  m  the  stomach  and 
oesophagus. 

{b)  Ammonia 

The  corrosive  changes  due  to  poisoning  by  ammonia  are  less  intense 
than  those  due  to  the  fixed  alkahs,  and  the  amount  taken  tends  to  be 
smaller  because  of  the  difficulty  in  swallowing  ammomacal  solutions 
For  these  reasons  the  percentage  mortality  is  lower  The  incidence  of 
ammonia  poisoning,  however,  and  the  total  mortality  are  very  much 
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greater  than  those  of  the  fixed  alkalis.  Poisoning  .nay  occnr  from  the 
Pscaoe  of  ammonia  fumes  from  refrigeration  plants. 

DeLh  s  generally  due  to  the  effect  of  the  ammonia  gas  on  the  air- 
pSes  Cicatricial  scarring  in  patients  who  recover  is  not  common 
Lame  aramoma  ia  a  mud,  weaker  alkali  lluu.  “11'";'^’',''*  :™ 
hydroxide,  and  because  such  scarring  would  only  be  ikUy  ocun 

when  a  considerable  quantity  of  the  concentrated  poison  had  been  taken, 

i  e  in  cases  which  are  nearly  always  fatal  in  Uic  acute  stage 

u  is  almost  impossible  to  fix  the  quantity  which  would  be 
fatal  because  the  concentration  of  the  poison  is  ol  paianunint  n  q  i 
ance,  and  because  in  so  many  of  the  latal  cases  neither  quantity  nor 
concentration  is  known;  6  fluid  drachms  of  a  10  per  cent  solution  have 

caused  death  in  an  adult. 

When  very  concentrated  solutions  have  been  swallowed,  or  when  the 
gas  has  been  inhaled  in  concentrated  form,  death  may  lollow  very 
rapidly,  i.e.  in  a  few  minutes.  When  the  poison  is  less  eoncentrated, 
death  may  be  delayed  and  occur  from  respiratory  embarrassment  <luc 


to  acute  pulmonary  oedema. 

The  most  important  changes  arc  in  the  respiratory  tract.  I  he  veslibulai 
part  of  the  larynx  is  corroded  and  oedematous,  and  the  glottis  may 
be  completely  obstructed.  The  Iracheo-broiichial  muciisa  is  reddened, 
speckled  with  petechiae,  and  swollen.  In  severe  cases  fibrinous  exudation 
on  the  surface  may  form  a  false  membrane.  Owing  to  these  duiugcs  the 
lumen  of  the  smaller  bronchi  may  be  considerably  reduced,  'riic  nasal 
mucosa  is  similarly  afiected,  and  tlie  conjunctiva  may  be  injedcil  or 
chemotic.  The  lungs  arc  generally  congested.  'I'hcy  contam  much  I  nit  hy 
fluid,  which  is  also  present  in  the  upper  air-passages.  Tlie  blood  is  tlark 
and  as  a  rule  fluid.  There  may  be  asphyxial  petechiae. 

When  death  has  been  solely  due  to  the  action  ol  the  vapour,  as  in 
certain  industrial  accidents  and  sometimes  alter  tlie  misguided  luat- 
ment  of  fainting  by  the  application  of  strong  ammonia  (o  the  nose,  no 
other  changes  may  be  found.  Generally,  however,  the  poison  has  been 
swallowed,  and  corrosive  lesions  arc  present  in  the  upper  food-passages. 
These  resemble  those  seen  with  the  other  caustic  alkalis  except  lor  the 
following  differences:  (i)  death  tends  to  occur  earlier,  and  Uie  conlents 
of  the  stomach  are  therefore  more  regularly  alkaline;  and  (ii)  cases  with 
severe  corrosion  tend  to  die  in  the  primary  stages,  so  that  late  cases 
with  cicatricial  contracture  are  uncommon. 

The  immediate  effect  of  the  vapour  on  the  respiratory  epithelium  is 
a  sensation  of  suffocation,  and  the  initial  shock  ol  the  concentrated 
vapour  may  cause  the  patient  to  fall  back  insensible,  and  sudden  death 
can  result.  Severe  burning  pain  follows  at  once  from  the  mouth  to  the 
stomach,  and  the  patient  retches,  vomits,  and  has  ammoniacal  eructa¬ 
tions.  The  abdomen  becomes  distended  and  tympanitic.  The  vomit  may 
contain  altered  blood,  is  alkaline,  and  smells  ol  ammonia.  '1  he  breath 
smells  of  ammonia,  the  eyes  smart,  and  sneezing  and  coughing  occur. 

The  Ups  and  tongue  are  swollen,  and  phonation  is  impaired.  'Fhcrc 
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may  be  difficulty  in  breathing,  and  death  from  asphyxia  may  occur, 
generally  coming  on  slowly  but  being  steadily  progressive. 

The  urine  is  scanty,  generally  alkaline,  and  may  contain  albumin  and 

The  general  principles  of  treatment  for  the  fixed  alkalis  ^.pply  here  Tieatmcut 
(see  p.  75),  but  the  respiratory  condition  also  calls  for  relief.  Inhalation 
of  oxygen  with  carbon  dioxide,  tracheotomy,  and  artificial  respiration 
may  be  necessary. 


4.-SYNTHETIC  ORGANIC  SUBSTANCES 
(1) — Acetylsalicylic  Acid  (Aspirin) 

1495.1  This  is  now  probably  the  commonest  drug  taken  by  mankind, 
and  in  medicinal  doses  and  even  in  doses  definitely  in  excess  it  does  little 

'ATeUlsTcylicacid,CoH,(O.CO.CH3).COOH,bd 

undergoes  hydrolysis,  especially  in  alkaline  solution,  to  salicylic  and 
acetic  acids.  An  examination  of  the  stomach  contents  in  a  case 
of  poisoning  by  aspirin  shows  a  mixture  of  aspirin  salicylic  acid 
and  acetic  acid,  and  the  liver  shows  salicylic  acid  without  any,  or  at 
most  only  traces  of,  aspirin.  The  decomposition  of  one  acid  into  two 
in  the  body  is  important,  for  at  least  part  of  the  symptoms  are  probably 

Most  cases  of  poisoning  by  aspirin  are  not  fatal;  recovery  has  followed  Fatal  dose 
a  dose  of  500  grains;  450  grains  will  probably  prove  fatal  in  some  cases 
only,  and  occasionally  quantities  much  less  than  this  have  been  fatal  in 
debilitated  or  seriously  ill  patients.  In  one  case  we  recovered  from  the 

organs  the  equivalent  of  184  grains  of  aspirin,  but  the  amount  taken  was  , 

not  known.  It  is  very  difficult  to  express  an  opinion,  but  we  are  inclined  Fatal penod 
to  think  that  the  fatal  period  is  short  in  those  cases  which  terminate  m 
death.  In  the  case  cited  above  the  deceased  was  observed  to  fall  down  m 
the  street  and,  although  he  was  taken  by  the  ambulance  to  hospital 

within  twenty  minutes,  he  was  dead  on  arrival. 

The  body  show,  dehydratioB.  Usually  a  large  dose  of  the  poison  ^  « 
been  taken  in  solid  form  or  in  thick  suspension  and  some  undissolved 
traces  should  be  found  in  the  mouth  or  stomach.  The  stomach  is  small 
and  rugous.  The  mucosa  shows  inflammatory  reddening,  with  some 
petechial  haemorrhage  along  the  crests  of  the  folds  In  some  cases  the 
organ  contains  mucoid  fluid  and  altered  blood.  The  ffings  are  congested 
and  oedematous,  especially  at  the  bases,  where  there  are  petechiae 
which  may  also  be  seen  in  the  epicardium.  In  the  case  cited  above 
the  heart’s  blood  was  fluid.  There  is  general  visceral  congestion 
and  marked  parenchymatous  degeneration  of  the  liver  and 
Fatty  degeneration  of  the  liver  may  be  a  striking  feature.  The  bladder 
is  generally  full.  The  urine,  which  should  be  carefully  collected  for 
analysis,  is  very  acid  and  contains  some  albumin  and  granular  casts. 

The  brain  is  congested  and  slightly  oedematous. 
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First  there  is  nausea  with  or  without  vomiting  and  tinnitus.  Menial 
confukon  and  deafness  follow,  and  later  sleepiness  or  coma.  Ihc  pulse- 
rate  is  somewhat  raised,  the  breathing  may  he  deep  and  slow  and  the 
patient  is  pale  and  sweats  profusely.  The  pressure  ol  the  cerebrospinal 
fluid  has  bL  recorded  as  raised  and  on  examination  contains  salicylates. 
In  most  cases  there  is  a  gradual  recovery  with  approaching  conva  lesccnec 

in  three  dnys.  • 

The  stomach  should  be  washed  out  wilh  water  (not  alkali),  and  this 

should  be  repeated  in  a  few  hours.  Several  obseM-vci  s  have  '  can  dee 
improvement  after  lumbar  puncture  and  the  remova  u!  M)  c.c.  ol  11  uu 
inhere  cases,  therefore,  this  would  appear  lo  be  advisable  and  should 
be  repeated  if  necessary.  Purgatives  and  saline  mjcetiuiis  will  assist  in 
elimination  of  the  drug.  Although  sonic  workers  deny  that  the  nioio 

important  aspect  of  the  condition  is  thalof  acidosis,  a  dimmutioii  ol  IIk 

alkali  of  the  blood  has  been  observed,  ami  acetone  and  acctoaeclie  aeie 
■  have  been  found  in  the  urine.  It  would  Ihorcforc  seem  clc,su  ablc  to  add 
sodium  bicarbonate  to  the  injected  iluid,  or  bullcrcd  sodium 
solution  may  be  given  intravenously  (Williams  and  Panting),  aily 
examination  of  the  urine  for  salicylate  will  bo  a  guide  to  the  completion 
of  the  elimination. 

(2)— Cyclic  Urcidcs  and  Barbituric  Acid 

1496.]  These  drugs  are  described  as  cyclic  ureidcs  and  are  essentially 
compounds  of  malonic  acid  and  urea;  hence  (he  alternative  iiaine  ol 
malonylurea.  The  simplest  of  the  compounds,  which,  however,  is  not 
used  in  medicine,  is  barbituric  acid  itself  or  malonylurea.  I  lic  formula 
is  as  follows: 


Hv  .CONll 

\q/ 

h/  \coni 


H'O 


V 

By  a  process  of  substitution  of  other  groups  for  the  hydrogens  directly 
attached  to  the  carbon  atom  on  the  left  an  intinilc  number  of  eompounds 
can  be  prepared,  and  by  also  substituting  other  groups  for  one  of  the 
right-hand  hydrogens  another  series  can  be  prepared,  e.sr.: 

(Tf, 

/CONHs  -  G„ll„  ( '<)N 

\c/  >CO  >C<  C'O  ( 

C,h/  \cONH/  CsH/  ^CONH-  CH,  GONll 

Barbitone  Phenobarbitoiie 

The  introduction  of  sodium  into  one  barbituric  nucleus  produces  more 
soluble  compounds,  e.g.: 

QHjx  XONfk 

X 


CaH 


''CON: 


Na 


Soluble  barbitone  (veronal  sodium  or  medinal) 
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The  following  is  a  list  of  most  of  the  barbituric  acid  compounds  at 
present  (1939)  on  the  market:  compounds 


allobarbitone  (dial),  5  : 5-diallylbarbituric  acid 
allonal,  which  contains  allyliwpropylbarbituric  acid 
amytal,  woamylethylbarbituric  acid 
barbitone  (veronal),  5  : 5-diethylbarbituric  acid 
butobarbital  (soneryl,  neonal),  butylethylbarbituric  acid 

evipan,  iV-methyl-C-C-cyclohexenylmethylmalonylurea 

hebaral  sodium,  sodium  A-hexylethylbarbiturate 


ipral,  ethyliwpropylbarbituric  acid 

nembutal  (pentobarbital  sodium),  sodium  ethylmethylbutylbarbiturate 
noctal,  wopropylbrompropanylbarbituric  acid 

pernocton,  sodium  salt  of  secondary  butyl-|6-bromallylbarbitunc  acid 
phanodorm  (cyclobarbital),  cyclohexenylethylbarbituric  acid 
phenobarbitone  (gardenal,  phenylbarbital,  luminal),  5-phenyl-5-ethyl- 


barbituric  acid 

prominal,  iV-methylethylphenylmalonylurea 

proponal,  dipropylbarbituric  acid 

rutonal,  methylphenobarbitone 

sandoptal,  wbutylallylbarbituric  acid 

seconal,  sodium  propylmethylcarbonylallylbarbiturate. 


Although  we  believe  that  the  above  list  embraces  all  the  substances  of 
this  group  in  use,  these  drugs  masquerade  under  various  names  both 
in  England  and  abroad.  Thus  barbitone  (veronal)  has  for  its  aliases 
diethylmalonylurea,  malonurea,  barbitalum,  malonal,  hypnogen,  and 
various  other  proprietary  preparations,  e.g.  veramon,  quadro-nox, 
veronigen,  beatol,  and  chineonal,  contain  barbitone.  Similarly  pheno- 
barbitone  (luminal)  may  be  described  as  acidum  phenylaethylico- 
barbituricum,  gardenal,  luminal-natrium;  and  preparations  such  as 
theogardenal,  theotone,  theominal,  alepsal,  cafinal,  optinoktin,  salepsi, 
and  lubrokal  contain  phenobarbitone  with  various  other  substances^ 

Many  of  the  barbiturates  are  also  mixed  with  amidopyrine,  a  drug  which 
should  be  used  with  the  greatest  caution;  examples  of  these  are  allonal, 
veramon,  veropyron,  cibalgin,  and  optalidon. 

It  has  been  suggested  that  these  drugs  fall  into  two  groups:  J)  those 
which  act  for  a  shorter  time  with  profound  narcosis  and  a  high  degree 
of  anaesthesia,  death  supervening  from  respiratory  paralysis;  and  (u) 
those  which  act  for  a  longer  time  with  low-grade  narcosis,  pulmonary 
congestion,  and  a  greater  liability  to  pneumonia.  Nembutal,  pernocton, 
amytal,  and  evipan  belong  to  the  first  group,  whereas  phenobarbitone, 

allonal.  and  allobarbitone  belong  to  the  second.  ^ 

Barbitone  (veronal)  15  grains  has  beenrecorded  as  afatal  dose;  this  dose  Fatal  cose 
is  extremely  low  in  view  of  the  fact  that  5  to  10  grains  is  the 
dose.  In  general  the  average  possibly  fatal  dose  of  this  drug  is  about 
50  grains.  It  may  be  said  that,  if  the  maximal  medicinal  dose  of  any 
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of  toe  drugs  is  luultiplitd  by  5,  a  general  eslimato  of  Che  possible 

f'ltfil  dose  iiitW  be  obt&iiicd-  ^  « 

Broadly  speaking,  these  drugs  when  taken  in  toxic  doses  are 
with  relatively  long  periods  of  coma  before  death  ensues,  as  .ig.unst 
morphine  and  chloral  hydrate,  with  which  the  period  ol'  coma  usually 
does  not  last  more  than  twelve  hours.  The  comatose  period  for  the 
barbiturates  may  last  several  days  or  even  a  week. 

Skin  lesions,  such  as  the  largo  pcmpiiigoid  blisters,  arc  not  ol  ten  seen 
at  necropsy  but  should  be  looked  lor.  There  is  some  cyanosis  ol  the 
head.  The  lungs  are  oedeniatous  and  heavy,  and  the  aii-passagcs  contain 
frothy  fluid.  The  oedema  interferes  with  the  aeration  ol  the  lungs,  and 
the  congested  dependent  postero-inferior  parts  (usually  more  markedly 
on  one  side)  are  plum-coloured,  show  resorption  collapse,  and  sink 
en  masse  in  water.  The  bronchi  in  these  areas  may  contain  pus,  and, 
except  when  the  period  of  unconsciousness  was  short  and  there  was  no 
rise  of  temperature  before  death,  there  arc  always  slight  y  raised  Ire  oil- 
shaped  areas  of  broncho-pneumonia.  Microscopically  llic  oedtMiia  IIuk 
shows  an  irregular  sprinkling  with  red  blood-corpu.sclcs  and  [loly- 
morphonuclears.  In  the  basal  parts  Ibis  may  proceed  to  librmous  con¬ 
solidation.  Pleural  petechiae  arc  almost  always  present  and  most 
frequent  on  the  plum-coloured  basal  parts.  T  here  is  little  or  no  lluid  in 


the  pleural  sacs.  < 

Tliebi'ain  is  congested  and  its  substance  slightly  soltcneu  by  ocdciini. 

There  may  be  sonre  flattening  of  the  convolutions,  but  this  is  never 
pronounced,  and  subarachnoid  fluid  is  always  present  in  the  sulci. 
There  may  be  a  slight  ‘pressure  cone’  (a  ring  on  the  under  siuiacc 
of  the  cerebellum  round  the  medulla)  but  death  is  not  due  lo  lucchanical 
compression  but  to  toxic  action  on  the  vital  centres  ol  the  medulla. 
There  is  parenchymatous  degcncralion  of  the  organs,  which  arc  flabby, 
slightly  oedematous,  and  cloudy.  The  liver  sluiws  some  latty  change. 
The  bladder  is  generally  full,  and  the  urine  should  always  be  carefully 
collected.  When  a  poisonous  dose  of  a  barbiturate  with  amidopyrine 
has  been  taken,  e.g.  allonal,  the  urine  shows  a  dianietcrislic  red  colour 
in  acid  solution,  becoming  purplish  on  the  addition  of  solution  of 
ammonia,  due  to  the  presence  of  a  decomposition  product  of  amido¬ 
pyrine — rubazonic  acid.  So  marked  is  the  colour  that  a  glance  at  the 
urine  often  gives  a  clue  to  the  drug  taken.  It  is  stated  that  in  cases 
of  barbitone  poisoning  a  false  positive  Wassennann  reaction  may  be 


obtained. 

A  medicinal  dose  of  a  barbiturate  produces  a  quiet  easy  sleep  in  about 
30  minutes,  which  will  last  for  6  to  12  hours  generally  without  after¬ 
effects.  If  the  drug  is  taken  regularly  every  night  in  medicinal  doses, 
several  effects  may  be  noted;  e.g.  depression,  visual  hallucination,s  and 
even  delusions,  drowsiness,  ptosis,  diplopia,  thickness  of  spceeli,  tremors, 
and  ataxy,  which  may  be  mistaken  for  drunkenness.  Albuminuria  and 
haematoporphyrinuria  have  been  recorded,  but  in  a  scries  of  100  cases 
of  poisoning  we  have  never  seen  haematoporphyrinuria.  The  drugs  are 
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quickly  absorbed,  partly  decomposed  in  the  body,  and  partly  excreted 
in  the  urine,  the  amounts  excreted  varying  considerably  with  different 
drugs.  They  are  not  cumulative,  except  when  they  are  being  taken 
regularly,  when  a  fresh  quantity  taken  before  complete  excretion  of 
the  previous  dose  may  lead  to  a  persistence  of  the  above-mentioned 
symptoms  for  a  few  days.  Addiction  to  these  drugs  is  not  common, 
but  it  occurs  from  time  to  time  (Willcox). 

When  a  toxic  or  possibly  fatal  dose  is  taken,  the  symptoms  appear  in 
a  few  minutes,  the  chief  of  them  being  headache,  vertigo,  and  ataxy, 
without  vomiting  or  abdominal  pain.  The  patient  falls  asleep  and  can  at 

firstberoused  with  difaculty,buthesoon  becomes  comatose.  There  may  be 

a  preliminary  period  of  excitement  with  hallucinations  for  about  twenty 
minutes.  The  coma  when  established  is  profound,  muscles  are  flaccid, 
reflexes  generally  abolished,  and  all  sensations  and  corneal  reflex  absent. 

There  is  often  a  persistent  positive  Babinski  reaction.  Breathing  is 
stertorous  and  irregular  and  in  the  late  stages  may  stop  for  a  time  and 
then  start  again.  Cyanosis  of  a  moderate  degree  is  always  present.  The 
pupils  are  small  but  not  pin-point  and  will  react  to  light  until  the  coma 
is  deep,  and  in  the  terminal  stages  tend  to  dilate.  Temperature  is  sub¬ 
normal,  the  body  being  cold  and  clammy  and  the  pulse  rather  rapid 
and  in  the  late  stages  feeble.  There  may  be  incontinence  or  retention  of 
urine  and  incontinence  of  faeces.  Although  there  is  some  diminution  in 
the  amount  of  urine  excreted,  it  is  not  uncommon  to  find  a  distended 
bladder  requiring  catheterization.  If  an  analysis  to  identify  the  poison 
is  likely  to  be  required,  this  first  specimen  is  the  mostvaluable  andshould 
always  be  retained  in  its  entirety.  The  comatose  state  may  last  for 

several  days.  . 

Sooner  or  later,  generaUy  after  the  first  24  hours,  there  is  a  sudden 
rise  of  temperature  up  to  102°  to  104°  F.,  and  an  examination  of  the 
lungs  shows  the  presence  of  broncho-pneumonia.  This  complication 
renders  the  prognosis  much  less  favourable.  Occasionally  large  blisters 
containing  a  clear  fluid  develop  on  various  parts  of  the  body. 

As  in  all  cases  of'narcotic  poisoning,  the  stomach  must  be  thoroughly  Treatment 
washed  out  with  water.-  On  -no  account  should  sodium  bicarbonate 
solution  or  any  alkaUne  liquid  be  used,  because  it  at  once  caus^  the 
drug  to  go  into  solution  and  to  be  increasingly  rapidly  absorbed.  Cases 
have  been  described  in  which  the  coma  noticeably  deepened  during 
lavage  with  a  bicarbonate  solution.  Strong  coffee,  glucose,  and  a 
purgative  should  be  left  in  the  stomach.  Since  there  is  no  chemical 
antidote  to  the  barbiturates,  the  washing  process  should  be  repeated 
4  hours  later  and  again  a  third  time.  Analysis  of  the  contents  returned 
from  the  stomach  has  clearly  demonstrated  that  the  barbiturate  is  always 
found  in  all  the  washings.  Colonic  lavage  should  be  performed  also  and 
repeated  in  12  hours;  the  value  of  this  has  also  been  demonstrated  by 
analysis  Shock  should  be  combated  by  warmth  and  stimulants,  e.g. 

digitalin  and  coramine  together  with  full  doses  of  strychnine  hydro¬ 
chloride  i  grain  every  4  hours.  Oxygen  with  carbon  dioxide  should  be 
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. .Li,.  tIk*  hhuider  must  be  watched  and 

givenifthecpnosisis  considciablt.  I  he  blauuct 

catheterized  ,j,,  eislenial  puncture  must  lic  performeti 

Lumbar punctumo.,  ^  •„  ,„ae,r  slight 

and  as  much  fluid  as  r olT'^Oc  c  and  upwards.  I'his  slunild 

be  repealed  at  least  y  ,  1,^011  nuidc  in  some  cases. 

consciousness;  as  many  as  SI-  1  .  .  '  ‘  ,  pj„.,i  ji„id.  I'inally  the 

is  doubtful  if  the  use  of  large  doses  ol  such  powe  1  I  n 

Alcohorin  large  quantities  luis  also  been  ICC onui  t  ^  \  ^  ^  . 

had  taken  22  grains  of  phcnoharbitoiic 

a  30  per  cent  solution  of  alcohol  every  4  houis  .uk  ee  ,  . 

RecLtly  there  htis  appeared  on  the  market  a  drag  which  is  closely 

allied  to  the  barbiUiric  ocid  torlot  hot  i» 

atom  is  replaced  by  a  sulphur  atom,  i.e.  sodium  ethyl-1-aielliylhulylUii 

barbiturate  (pentothal  sodium): 

C'H 


CHiiCHo  -CH, 

JK  'v 


C'O  NNa. 


>C'S 


('„IL'  '  t'()  Nil 


This  may  perhaps  be  the  forerunner  ol  a  new  series  ol  di  ugs.  Its  use 
appears  to  be  similar  to  that  ol  evipan. 

(3)— Straight-Chain  V reides:  Carbromal  (Jroup 

1497.1  In  addition  to  the  abovc-mcnlioned  derivatives  ol  mra  there  are 
several  drugs  which  may  be  called  slraighl-chain  urcid^.  Anuuip,  these 
is  the  well  known  carbromal,  perhaps  best  known  undei  ni  name  o 
adalin.  Its  formula  is  as  follows; 


/Br 

CjH/  '^CO  NH  CO  Nila 

These  drugs  in  addition  contain  a  bromine  atom.  Bromural  {donnigenc). 
another  member,  is  a-monobromm'uvalcrylurea. 

There  are  but  few  fatal  cases  of  poisoning  by  these  drugs,  because 
their  toxicity  compared  with  that  of  the  barbiturates  is  low.  Quaiitilics 
as  large  as  300  grains  have  caused  death,  and  smaller  amounls  may 
possibly  be  fatal.  Recovery  after  150  grains  of  bromural  has  been 

recorded^  ^  . 

It  is  impossible  to  make  even  an  approximate  estimate  of  llic  fuUd 
period,  but  I  have  known  death  to  occur  in  about  thirty  hours. 
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There  are  no  characteristic  signs  at  necropsy.  After  a  possibly  fatal  Morbid 
dose  of  these  drugs  I  have  not  been  able  to  detect  the  drug  in  the  tissues 
or  in  the  urine.  When  organs,  such  as  the  liver  and  kidneys,  and  the 
urine  are  examined,  it  is  possible  only  to  detect  considerable  quantities 
of  bromine,  which  although  confirmatory  does  not  establish  the  nature 
of  the  drug  taken.  Analysis  of  the  stomach  and  contents  or  of  stomach 
washings  may,  when  the  drug  has  not  all  been  absorbed,  reveal  its  true 
nature. 

After  a  possibly  fatal  dose  sleep  passes  into  deep  coma.  At  first  the  Symptoms 
pulse  is  good  and  respiration  normal,  but  as  time  passes,  the  pulse 
quickens  and  becomes  feeble,  the  blood-pressure  falls,  and  the  respira¬ 
tion  becomes  shallow.  All  reflexes  are  absent.  Pupils  may  be  small  and 
may  for  a  time  react.  The  condition  appears  to  be  one  of  myocardial 
failure,  and  life  slowly  ebbs  away.  Poisoning  by  these  drugs  does  not 
produce  broncho-pneumonia,  the  breathing  is  shallow,  and  cyanosis  and 
an  extensor  plantar  response  are  absent,  whereas  in  poisoning  by  the 
barbituric  acid  group  broncho-pneumonia  always  occurs  except  in  those 
uncommon  cases  in  which  death  is  very  rapid,  there  is  some  cyanosis, 
breathing  is  generally  rather  deep,  and  an  extensor  plantar  response  is 
present  at  all  events  until  near  the  end. 

(4)— Chloral  Hydrate  and  Allied  Drugs 

1498.]  Chloral  hydrate,  butylchloral  hydrate,  chloralformamide,  and  Physical^ 
chlorbutol  are  examples  of  substances  which,  although  differing  in  con- 
stitution,  produce  in  general  a  similar  effect.  Pure  chloral,  CCI3 .  CHO, 
is  an  oily  liquid  and  is  probably  used  only  in  the  laboratory.  The  hydrate, 

CCI3 .  CH(0H)2,  is  a  crystalline  solid  readily  soluble  in  water.  Although 
its  poisonous  effect  resembles  that  of  chloroform,  its  action  is  not  due 
to  the  formation  of  chloroform  in  the  blood-stream.  Chloral  hydrate 
is  excreted  in  the  urine  mainly  as  urochloralic  acid,  a  conjugated  com¬ 
pound  of  chloral  and  glycuronic  acid. 

Although  20  to  30  grains  have  on  several  occasions  caused  death,  the  Fatal  dose 
average  fatal  dose  must  be  put  higher;  120  grains  should  be  regarded 
as  generally  fatal  to  adults,  and  probably  the  small  fatal  doses  recorded 
were  associated  with  some  cardiac  disability  (see  below). 

Death  usually  takes  place  in  6  to  10  hours.  Cases  in  which  death  occurs  Fatal  period 
rapidly  are  probably  mainly  in  the  aged  or  in  those  with  cardiac  dis¬ 
ability,  and  in  these  patients  relatively  small  doses  rapidly  cause  death 
from  cardiac  failure. 

Death  occurs  in  coma  with  cardiac  and  respiratory  failure.  The  organs 
are  congested  and  the  extremities  cyanosed.  The  brain  is  engorpd  and 
slightly  swollen.  The  lungs  are  congested  and  may  show  considerable 
oedema,  watery  fluid  filling  the  bronchi.  The  bladder  is  usually  full. 

After  a  large  dose  there  may  be  much  inflammatory  reddening  of  the 
upper  food-passages. 

When  the  drug  was  used  more  frequently,  death  was  often  due  to 
accidental  overdosage.  This  was  especially  liable  to  occur  in  patients 
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with  cardiac  diseased  in  addicts  in  whom  fetty  degeneration  of  the 

The  usual  course  io  one  of  symptomless  sleep  passing  on  into  coma  and 
sflo  dllv^irerally  from  respiratory  failure.  Vomiting  may  occur 
in  the-far^tages,  followed  later  by  cyanosis,  with  slow  iiiegulai 
brgathine  rapid  irregular  and  weak  pulse,  paralysis  and  complete 
of  Snsation,  with  a  subnormal  temperature,  very  low  levels  being 
redded"  elanuny  skin.  To  the  aged  and  to  patients  with 
cardiac  Section  chloral  is  very  toxic,  relatively  small  doses  causing 

death  rapidly  from  cardiac  failure. 

In  chrLc  poisoning  there  are  usually  disturbance  ot  diges  um 
diarrhoea,  and  loss  of  weight.  Erythematous  rashes  and  a  siipcrdcial 
Lration  of  the  roots  of  the  hairs  of  the  head  have  been  described. 
General  depression,  impairment  of  mental  faculties,  and  a  mclanchohe 

State  occur.  Sudden  death  is  common  among  chloral  hydiatc  addiUs. 
Diagnosis  is  difficult  in  the  absence  of  the  knowledge  that  chloral  hyd  i  ate 

has  been  taken.  .  .  ,  .  . 

The  stomach  should  be  washed  out  with  water,  and  stimulants  given, 

especially  those  acting  on  the  respiratory  centre,  collec  pir  rcctun, 
warmth,  oxygen,  and  even  artificial  respiration  in  the  late  stages,  and 
saline  should  be  injected  subcutaneously  to  assist  elimination. 


(5)— Sulphonal  Group 

1499]  Sulphonal,  methylsulphonal  (trlonal),  and  tctronal  may  be  con¬ 
veniently  considered  together.  All  these  drugs  are  being  less  and  less  used  ; 
in  fact  it  is  doubtful  if  tetronal  is  now  used  at  all.  Sulphonal  is  dielliyl- 
sulphonedimethylraethane,  (CH,)sC(SO..C.,H,).;  methylsulphonal  has 
one  of  the  methyl  groups,  and  tetronal  both,  replaced  by  an  elliyl  group. 
They  are  very  sparingly  soluble  in  water  and  therefore  slowly  ab.sorbcd 
and  may  take  some  hours  to  produce  any  clTect.  Owing  to  their  very 
slow  excretion  these  drugs  possess  a  definite  cumulative  ellccl.  1  licy  arc 
pure  hypnotics  without  any  analgesic  properties.  Gases  of  poisoning  by 
these  drugs  are  rare  nowadays;  I  have  seen  only  one  non-latal  case  in 
eighteen  years. 

(a)  Acute  Poisoning 

Death  is  reported  to  have  occurred  after  taking  30  grains,  and  several 
deaths  are  recorded  after  taking  70  grains  and  upwards.  Owing  to  the 
cumulative  effect,  deaths  have  been  recorded  Irom  the  daily  use  ol 
10  to  20  grains  over  a  period  of  months.  The  lalal  period  varies  Irom  a 
few  hours  to  several  days. 

There  is  no  characteristic  change  at  necrop.sy. 

The  symptoms  vary;  mental  confusion,  perhaps  with  excitement,  con¬ 
vulsions,  and  ataxy  are  among  the  commonest.  These  arc  followed  by 
stupor  and  unconsciousness.  Later  the  patient  becomes  cyanosod,  with 
a  very  weak  pulse  and  irregular  and  stertorous  respiration.  Death  is 
from  respiratory  failure.  Red  urine  due  to  hacmatoporphyrinuria  has 
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been  recorded  in  anaemic  women.  When  this  occurs  the  prognosis  is 
bad. 

In  those  cases  in  which  the  drug  is  being  taken  regularly  a  break  in  the 
administration  should  occur  every  few  days  on  account  of  its  cumulative 
effect. 

The  stomach  should  be  washed  out  immediately  and  four  hours  later. 

Purgatives  and  colonic  washes  should  be  given.  Saline  should  be  injected 
subcutaneously  to  assist  in  the  elimination  of  the  drug,  especially  if  the 
period  of  unconsciousness  has  lasted  several  hours.  Stimulants  for  the 
heart  and  respiration  must  be  freely  given. 

(b)  Chronic  Poisoning 
The  long-continued  use  of  these  drugs  is  stated  to  cause  headache, 
vomiting,  gastritis,  constipation,  albuminuria,  and  haematoporphyrin- 
uria.  Various  skin  eruptions  have  also  been  described. 

(6) — ^Hydrocyanic  Acid 

(Synonym. — ^Prussic  acid) 

1500.]  This  acid  is  found  in  small  quantities  in  many  plants  in  combina¬ 
tion  generally  as  a  glycoside,  and  when  the  plant  is  disintegrated  the 
acid  may  be  generated.  Such  plant  preparations  are  occasionally  used 
in  medicine,  e.g.  Prunus  serotina  (Virginian  prune  bark).  Dilute  hydro¬ 
cyanic  acid,  B.P.,  is  a  2  per  cent  solution,  and  stronger  hydrocyanic 
acid  (Scheele’s  acid),  which  is  a  4  per  cent  solution,  is  occasionally 
used.  The  pure  acid  is  rarely  seen  outside  the  laboratory.  All  solutions 
of  the  acid  give  off  fumes  of  the  acid  very  readily;  even  dilute  solutions 
must  therefore  be  handled  with  caution.  The  salts  of  hydrocyanic  acid, 
chiefly  those  of  potassium  and  sodium,  are  widely  used  in  photography, 
electroplating  industries,  and  in  the  extraction  of  gold  from  mineral 
ores.  The  salts  of  zinc  and  mercury  are  used  to  impregnate  medical 
gauze.  In  view  of  the  wide-spread  use  of  the  acid  in  gaseous  form  for 
the  fumigation  of  greenhouses,  ships,  and  houses  infested  with  bugs 
it  is  necessary  to  issue  a  warning  with  regard  to  adequate  ventilation 
of  the  premises  before  permitting  any  one  to  enter  after  funaigation. 

Several  fatalities  have  occurred  in  this.  way.  Recently  the  Home  Office 
have  made  regulations  under  the  Hydrogen  Cyanide  (Fumigation) 

Act,  1937  (Statutory  Rules  and  Orders  1938  No.  1578).  Articles  such 
as  bedding  should  be  thoroughly  and  separately  exposed  to  the  air. 

When  one  of  a  row  of  houses  is  being  disinfected,  the  fumes  may  leak 
through  faults  in  the  brickwork  with  fatal  results. 

The  acid  and  its  solution  are  colourless  liquids  with  a  characteristic 
odour  of  bitter  almond.  They  are  unstable  and  decompose  readily. 

The  cyanides  of  potassium  and  sodium  are  generally  seen  in  powder  Cyamdes 
or  in  lumps,  and  when  pure  are  almost  colourless.  They  are  deliquescent 
and  dissolve  readily  in  water.  Their  solutions  are  strongly  alkaline  and 
when  swallowed  produce  in  the  stomach  evidence  of  corrosive  alkaline 
poisoning. 


Treatment 

Prophylactic 

Curative 
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In  addition  to  the  simple  cyanides  there  are  a  number  ot  complex 
cyanides  most  of  which  are  not  poisonous.  Potassium  Jerrocyanidc 
K  Fe(CN)(i  potassium  ferricyanide  K;tF'c(CN),),  polassiuni  sulpho- 
cyanide  (thiocyanate)  KC.NS,  ammoniuni  sulphocyanide  (thiocyanate) 
NHiCNS  and  potassium  cyanate  KCNO  are  anionp  llicin.  Death 
has  occurred  after  taking  ounces  of  potassium  sulphocyanide  and 
recovery  after  1  ounce.  The  ferrocyanidcs  may  cause  death,  tor  when 
treated  with  sulphuric  acid  of  about  It)  per  cent,  strength  they  liberate 
hydrocyanic  acid,  which  may  be  inhaled.  On  the  ot  her  hand,  cyanogen 
C2N2  cyanogen  chloride  CNCl,  and  cyanogen  iodide  C.NI  arc  very 
poisonous  hut  are  only  met  with  in  the  laboratory  or  the  factory. 
The  well  known  sodium  nitroprusside  Na..Fc((’N);,(N()),21I...O  is  also 

highly  poisonous.  „  .  • 

A  quantity  of  a  solution  oi  hydrocyanic  acid  ei|uivalent  to  ,  „  piam 
of  pure  hydrocyanic  acid  has  caused  death.  I  lui.s  it  may  gcneuilly  be 
considered  that  about  1  grain,  the  equivalent  of  5.3  minims  of  dilute 
hydrocyanic  acid  B.P.,  is  a  possibly  latai  dose;  2-4  giains  ol  the 
potassium  salt  have  also  caused  death,  and  5  grains  have  ollen  done 
so.  Recovery  has  occurred  after  much  larger  doses. 

Hydrocyanic  acid  is  the  most  rapidly  acting  poison  known,  death 
generally  occurring  in  2  to  10  minutes.  If  tlic  pa  tient  lives  for  .K)  minutes, 
recovery  is  likely,  although  death  has  been  known  (0  occur  after  several 
hours. 

At  necropsy  the  body  externally  is  bright  and  life-like.  I  lyixrstasis, 
instead  of  having  the  usual  slaty  colour,  is  ol  a  hriglit  rccldish-violct 
colour.  There  may  be  froth  round  the  mouth,  the  eyes  are  open  and 
staring,  the  cornea  glassy,  and  the  pupils  dilated.  On  opening  the  boily 
there  is  often  a  smell  of  hitter  almond.  In  all  cases  in  which  cyttnidc  is 
suspected  the  organs  to  be  sent  for  analysis  slumld  he  |>Iaccd  with  the 
least  delay  into  tightly  sealed  glass  jars  on  account  of  the  volatility  ol 
the  poison.  The  mode  of  death  must  be  borne  in  mind  when  deciding 
what  organs  to  reserve  for  analysis.  Thus,  although  Ihc  stomaclr  and 
its  contents  and  the  liver  should  be  reserved  when  the  poison  is  taken 
by  the  mouth,  the  lungs  and  as  much  bU)od  as  can  be  obtained  must 
be  reserved  when  the  poison  has  been  inhaled.  The  blood,  both  in  the 
arteries  and  in  the  veins,  isliquidand  bright  pink,  and  thiscokruris  notice¬ 
able  in  the  general  mnsctilature  of  the  body.  So  striking  is  Ibis  feature 
that  on  many  occasions  the  condition  has  been  mistaken  lor  carbon 
monoxide  poisoning;  therefore,  unless  care  is  taken,  in  the  absence  of 
material  facts  a  wrong  deduction  may  be  made.  The  mucous  membrane 
of  the  stomach  shows  reddening  when  hyd  rocyanic  acid  has  been  taken, 
but,  if  potassium  cyanide  or  sodium  cyanide  has  been  taken,  it  rcscmhles 
that  seen  in  moderately  severe  poisoning  duo  to  a  c<.>rrosivc  alkali.  All 
samples  of  cyanide  contain  some  free  alkali  and  many  commercial 
samples  a  considerable  quantity  of  potassium  carbonate  or  sodium 
carbonate  in  addition,  with  the  result  that  when  cyanides  have  been 
taken  there  is  an  added  factor  in  the  appearance  of  the  slomacli.  'flic 
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stomach  contents  will  generally  be  alkaline  when  these  salts  have  been 
taken. 

Symptoms  occur  generally  in  a  few  seconds  but  are  occasionally  Symptoms 
delayed  for  a  minute  or  two.  During  this  later  period  the  patient  may 
perform  a  few  acts,  such  as  washing  out  the  glass  and  putting  the 
bottle  away,  which  accounts  sometimes  for  the  absence  of  evidence  of 
how  the  poison  was  administered  and  at  first  sight  suggests  homicide. 

In  animals  a  cry  heralds  the  unconsciousness,  but  this  seldom  occurs  in 
man  During  unconsciousness  the  respirations  are  rapid  and  vigorous  at 
first,  soon  becoming  slow  and  gasping.  General  convulsions  often  occur, 
but  these  may  be  confined  to  groups  of  muscles,  e.g.  trismus.  Soon  the 
paralytic  stage  is  reached,  in  which  the  patient  is  flaccid,  the  reflexes  are 
abolished,  the  eyes  are  open  and  staring,  with  pupils  dilated  and  fixed, 
and  the  skin  is  clammy  with  cold  perspiration.  The  mouth  may  be 
covered  with  froth,  which  may  be  blood-stained,  and  an  odour  of  bitter 
almond  may  give  a  clue  to  the  nature  of  the  poison.  The  pulse  is  rapid 
and  so  weak  as  to  be  impalpable.  Respirations  become  more  feeble 
and  finally  stop,  the  heart  beating  for  a  short  time  after  the  respirations 
have  ceased. 

In  the  few  cases  of  recovery  the  unconsciousness  persistsfor  several  hours  Recovery 
and  eventually  the  patient  awakes  and  is  but  little  the  worse  for  his 
experience.  Recovered  patients  have  told  of  a  desire  to  vomit  and  of 
constriction  of  the  chest  with  a  terrible  feeling  of  impending  suffocation. 

Cases  of  poisoning  occur  from  time  to  time  from  inhalation  of  the  Poisoning  by 
gaseous  form.  The  chief  symptoms  are  a  sense  of  constriction  in  the  miaatwn 
chest,  giddiness,  confusion,  palpitation,  and  unconsciousness.  The  salts  py  salts 
of  hydrocyanic  acid  act  in  a  similar  manner  to  solutions  of  the  acid  and 
cases  of  poisoning  by  the  salts  are  far  commoner.  In  addition  to  the 
symptoms  described  above  there  may  be  a  sense  of  constriction  in  the 
throat,  with  a  burning  pain,  and  perhaps  vomiting,  owing  to  the  cor- 
-  rosive  action  of  the  salts.  Should  recovery  occur,  convalescence  will  be 
delayed  owing  to  the  caustic  alkaline  action  on  the  throat  and  stomach. 

Cyanides,  probably  like  almost  every  other  poison,  may  produce  a  Tolerance 
tolerance  in  workers  regularly  handling  them;  it  is  stated  that  those  ° 
working  with  it  regularly  in  the  gold  mines  are  unaffected  by  rela¬ 
tively  large  quantities.  On  the  other  hand,  headache,  vertigo,  pallor,  loss 
of  appetite,  and  respiratory  embarrassment  have  been  described  in 
employees  in  cyanide  works. 

In  the  vast  majority  of  cases  the  effects  of  the  poison  are  so  rapid  Treatment 
that,  even  if  he  reaches  the  scene  before  death,  the  practitioner  has  no 
time  to  do  anything  for  his  patient.  If  time  permits,  washing  out  the 
stomach  with  water  containing  some  sodium  thiosulphate  (photographic 
hypo)  is  probably  the  best  measure,  and  some  of  the  salt  should  be 
injected  intravenously  in  10  per  cent  solution.  By  this  means  the  toxic 
cyanide  may  be  converted  into  the  non-toxic  thiocyanate.  Stimulants, 
warmth  faradization  and,  especially,  artificial  respiration  have  in  a  few 
instances  assisted  in  saving  life.  It  is  stated  that  cobaltous  nitrate,  either 
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by  mouth  or  intravenously,  is  of  value,  or  a  mixture  ot  ferrous  sulphate, 
ferric  chloride,  and  potassium  carbonate  may  be  given  by  the  mouth. 
Although  such  chemicals  arc  not  likely  to  be  available  in  such_  an 
emergency,  factories  and  works  where  cyanide  is  in  regular  use  might 
consider  the  desirability  of  having  them  available. 

(7)— Metacetaldehyde 

{Syiwnyms.—Mata-,  metaldchydc) 

1501.]  This  is  a  polymeridc  of  acetaldehyde  having  a  formula  (C  11;,C  1 
It  is  a  white  crystalline  substance  and  is  nianulactuicd  in  sticks.  It  is 
used  as  a  convenient  substitute  for  methylated  spirit  loi  heating  pui- 
poses.  It  has  been  recommended  as  a  slug-killci  ioi  gaidcns,  lot  which 
purpose  it  is  powdered  and  mixed  with  bran,  in  the  lorni  ol  sticks  it 
has  a  not  unattractive  appearance,  and  when  powdered  closely  resembles 
sugar;  its  taste,  though  not  very  interesting,  is  not  unpleasant.  It  is 
therefore  not  surprising  that  it  has  been  eaten  by  children  in  a  number 
of  cases.  Since  it  is  also  poisonous  to  animals,  It  should  be  used  in  (he 
garden  with  caution.  It  has  been  used  lor  the  puriiosc  of'  suicide. 

Its  action  is  due  to  meta  itself  and  not  to  its  deeoniposhion  into 
acetaldehyde. 

In  one  fatal  adult  case  the  deceased  had  in  all  probability  taken  6  to  10 
sticks,  i.e.  360  to  600  grains.  Two  cases  have  been  recorded  in  which 
the  eating  of  6  sticks  by  adults  was  followed  by  recovery.  In  dogs  a 
quantity  of  0-6  gram  per  kilo  of  body-weight  is  stated  to  be  fatal.  In  a 
fatal  case  death  generally  occurs  in  1  to  3  days. 

There  are  no  characteristic  signs  at  necropsy.  Petit  and  Audisldrc 
stated  that  in  animals  poisoned  with  meta  the  urine  gave  a  red  colour 
with  Denig6s’ reagent  (guaiacol  and  sulphuric  acid).  If  this  is  (rue  also  in 
man,  such  a  reaction  will  prove  of  great  assistance  in  the  diagnosis  of 
poisoning  by  this  substance. 

As  meta  is  very  insoluble  in  water,  the  onset  of  symptoms  is  delayed. 
The  onset  also  depends  on  whether  the  substance  is  swallowed  in  .small 
lumps  or  in  a  powder,  the  latter  causing  the  earlier  on.sct  of  symptoms. 
Generally  in  about  2  to  3  hours  vomiling  occurs  of  meta  mixed  witli 
food.  If  vomiting  is  absent,  the  symptoms  may  bo  delayed  for  a  few 
hours  longer.  The  next  symptom  is  tremor  of  the  upper  limbs  with 
flushing,  restlessness,  and  delirium.  The  tremors  are  followed  by  severe 
cramps  and  convulsions,  which  in  bad  cases  may  be  epileptiform.  The 
patient  is  stuporose,  with  amnesia  and  a  staggering  gait.  He  slowly 
becomes  unconscious  and,  in  severe  cases,  comatose.  There  is  no  dis¬ 
turbance  of  reflexes  or  of  the  heart’s  action,  and  Kernig’s  sign  is  absent. 
In  a  mild  case  the  tremors  and  cramps  arc  limited  to  the  arms  and  puss 
off  in  24  hours.  In  serious  cases  the  cramps  arc  rapidly  Ibl  lowed  by 
generalized  epileptiform  convulsions.  Those  arc  followed  by  coma  which 
may  last  3  to  4  days  with  recovery  or  death. 

The  prognosis  depends  on  the  rapidity  of  the  appearance  of  symptoms, 
the  increasing  or  decreasing  severity  of  convulsions,  and  the  rapidity  of 
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the  appearance  of  coma.  In  animals  the  blood  urea  is  stated  to  be  raised. 

Most  patients  recover;  in  a  series  of  twenty-four  cases  collected  by  me 
there  were  six  deaths. 

The  stomach  should  be  washed  out  with  water  several  times.  This  Treatment 
should  be  repeated  in  a  few  hours,  and  purgatives  should  be  administered. 

It  is  stated  that  in  animals  the  alkali  reserve  is  diminished;  consequently 
the  administration  of  alkalis  would  seem  to  be  indicated.  Further 
treatment  should  be  symptomatic. 

(8) — Nitrobenzene 

{Synonyms.— 0\\  of  mirbane;  imitation  oil  of  bitter  almond) 

1502.]  Nitrobenzene,  CeHsNOa,  is  extensively  used  in  perfumery  and 
as  a  flavouring  agent,  being  a  cheap  substitute  for  oil  of  bitter  almond. 

It  is  also  used  as  an  ingredient  of  shoe  dyes  and  floor  polishes  and 
is  an  important  intermediary  in  the  aniline  dye  industry. 

Nitrobenzene  is  a  blood  poison,  the  red  cells  becoming  haemolysed  Action 
and  the  circulating  haemoglobin  converted  into  methaemoglobin.  It 
also  acts  on  the  central  nervous  system,  stimulating  and  afterwards 
paralysing  it. 

On  several  occasions  15  to  25  drops  have  proved  fatal,  especially  if  Fatal  dose 
the  poison  is  taken  with  alcohol  as  an  abortifacient.  Recovery  has 
followed  very  large  doses,  i.e.  quantities  greater  than  1  ounce.  Death 
has  taken  place  from  inhalation  and  absorption  through  the  skin. 

Death  is  probable  in  about  7  hours,  but  it  has  occurred  in  1  hour  to  Fatal  period 
24  hours. 

At  necropsy  the  external  appearances  vary.  In  the  acute  cases  the  face  Morbid 
may  be  flushed,  with  livid  lips  and  blue  nails.  If  the  patient  has  lived  ““ 
some  hours,  there  may  be  pronounced  cyanosis.  The  organs  smell  of 
bitter  almond,  a  very  persistent  and  characteristic  odour  which  niust 
not  be  mistaken  for  hydrocyanic  acid.  The  stomach  shows  a  brilliant 
reddish  congestion  with  submucous  haemorrhages.  The  blood  may  be 
dark  and  viscid  and  show  the  spectrum  of  methaemoglobin,  but  the 
post-mortem  presence  of  this  spectrum  must  be  accepted  with  caution 
if  much  delay  has  occurred  between  death  and  the  necropsy.  The  urine 
may  contain  amino-bodies  derived  from  the  nitrobenzene,  and  these 
reduce  Fehling’s  solution. 

The  symptoms  present  very  different  features  which  largely  depend  Symptoms 
on  the  acuteness  of  the  poisoning.  When  a  poisonous  dose  is  taken, 
especially  with  alcohol,  a  burning  sensation  in  the  mouth  and  throat  is 
followed  by  numbness  and  tingling.  There  may  or  may  not  be  vomiting. 

Soon  pallor  appears,  followed  by  lividity;  unconsciousness  occurs  with 
great  rapidity,  perhaps  in  twenty  minutes,  and  death  from  respiratory 
failure  occurs  in  an  hour  or  two. 

In  less  acute  cases  the  onset  of  symptoms  may  be  delayed  for  an  hour 
or  more.  The  face  is  pale,  the  nails  are  bluish,  and  there  are  ataxy, 
vomiting,  and  eventually  coma.  Muscular  twitchings,  trismus,  and 
involuntary  evacuation  of  urine  and  faeces  may  occur.  The  patient  is 
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generally  deeply  cyanosed,  and  the  blood  on  cxaminalion  is  dark  and 
viscid  and  will  sooner  or  later  show  the  spedniiiKd  inclluicmoglobin 
("see  Vol.  II,  Plate  VI,  facing  p-  49*-)).  Dcatli  occurs  in  coma,  or  recovciy 
takes  place  after  a  variable  period  of  unconsciousness.  In  a  lew  days, 
however,  nausea  and  vomiting  may  commence  again,  with  perhaps  a. 

rise  of  temperature  and  the  appearance  ol  toxie  jaundice. 

The  blood  picture  is  that  of  anaemia  with  granular  degeneration  ot 
the  red  cells,  alteration  of  size  and  form,  and  later  the  presence  ot 
nucleated  red  cells.  The  vomit  and  the  urine  in  the  early  stages  smell 


of  nitrobenzene. 

The  stomach  should  be  washed  out  with  water  repeatedly  until  the 
returned  fluid  no  longer  smells  of  nitrobenzene.^  Purgahves  should  be 
given.  Oily  substances  and  alcohol  should  be  avoided.  11  there  is  icason 
to  believe  that  the  lysis  of  red  cells  is  extensive,  a  blood  ira  iislusion  may 
be  considered. 

For  chronic  poisoning  see  page  173. 


(9) — Oxalic  Acid 

1503.]  This  acid,  (COOH).,2H..(),  is  a  colourless  crystalline  non- 
deliquescent  substance  and,  owing  to  its  close  physical  resemblance  to 
magnesium  sulphate,  cases  of  poisoning  have  occurred  Irom  mistaking 

the  acid  for  Epsom  salts.  ■  «.  - 

It  is  widely  distributed  in  the  vegetable  kingdom  but  rarely  in  sullicicnt 
quantity  in  edible  plants  to  cause  symploms  (.see  Oxm.hria,  Vol.  IX, 
p_  344);  in  these  conditions  llic  acid  is  combined  as  Ihe  calcium  salt. 
The  acid  is  commonly  used  in  households  for  cleansing  and  bleaching, 
and  in  industry  in  many  processes. 

Potassium  binoxalate,  KHCA,21l20,  is  a  colourless  crystalline 
substance  resembling  the  acid.  Itisnot  used  much  outside  tlie  laboratory 
or  the  factory. 

Potassium  quadroxalate,  KHC304,HaCiO|  (synanyiiis,  salts  ol  lemon, 
salts  of  sorrel),  is  met  with  more  commonly  than  the  acid  in  llio  hou.se- 
hold  and  is  used  for  sinrilar  purposes.  A  colourless  crystalline  substance, 
it  has  also  been  mistaken  for  tipsom  salts. 

The  action  and  effects  of  the  acid  and  its  salts  arc  so  similar  that  for 
purposes  of  discussion  they  arc  considered  together. 

Although  60  grains  have  caused  death,  probably  to  1  ounce  may  be 
regarded  as  an  average  fatal  dose.  Recovery  has  occurred  alter  2  ounces. 
Death  has  taken  place  in  a  few  minutes  and  often  occurs  within  an 
hour  or  two.  A  few  cases  may  last  twenty-four  hours  and  even  some 
days,  but,  if  the  twenty-four  hour  period  is  passed,  recovery  is  likely. 
The  corrosive  effects  are  less  severe  than  those  of  the  strong  mineral 
acids.  Not  only  is  oxalic  acid  less  intense  in  this  respect,  but  it  also  has 
less  time  in  which  to  act,  most  of  the  fatal  cases  terminating  within  two 
hours.  As  with  the  other  corrosive  agents,  many  of  the  changes  take 
place  after  death.  The  mucosa  of  the  mouth,  pharynx,  and  oesophagus 
may  be  white  and  opaque  or  reddened  and  in  places  slightly  swollen. 
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The  oesophagus  is  contracted.  In  the  stomach  the  changes  are  niore  Stomach 
severe,  although  even  here,  if  the  acid  is  dilute,  the  changes  may  tie 
very  slight.  Usually  the  gastric  mucosa  is  uniformly  reddened  and  cor¬ 
rugated.  After  a  concentrated  dose  the  surface  is  sometimes  blackened, 
as  in  poisoning  by  hydrochloric  acid.  This  may  happen  even  when  death 
has  occurred  in  a  matter  of  minutes.  Perforation  is  rare.  The  stomach 
contains  a  mucoid  fluid  mixed  with  altered  blood.  Oxalic  acid  interferes 
with  clotting,  and  haemorrhage  from  the  injured  gastric  surface  is  freer 
than  in  poisoning  by  the  strong  acids,  which  cause  a  styptic  necrosis  of 
haemorrhagic  tissue.  The  small  intestine  may  be  affected  for  a  short 
distance. 

In  the  kidneys  a  striking  effect,  when  present,  is  a  precipitation  of  Kidneys 
calcium  oxalate  in  the  tubules.  This  is  observable  microscopically  as  a 
whitish  line  in  the  intermediate  zone.  The  characteristic  tetrahedra  are 
uncommon  in  this  situation,  but  are  present  in  the  acid  urine,  which  also 
contains  albumin  and  possibly  some  red  blood-corpuscles  and  casts. 

Oxalic  acid  and  its  salts  have  two  distinct  actions:  local  and  systemic.  Symptoms 
When  a  relatively  small  dose  is  taken  in  a  dilute  solution,  the  symptoms 
and  signs  of  the  local  action  may  be  negligible  and  only  those  of  its 
systemic  action  become  manifest. 

When  a  quantity  of  the  poison  is  taken,  a  sour  taste  is  experienced  Local  action 
with  a  burning  pain  from  the  mouth  to  the  stomach  and  radiating  over 
the  abdomen.  Thirst  is  intense,  swallowing  is  difficult,  and  retching  and 
vomiting  of  bright  or  dark  blood  occur.  Collapse  and  shock  soon 
become  manifest.  The  voice  is  faint  and  husky,  and  soon  there  is  aphonia. 

The  mouth  and  throat  are  whitened,  and  the  mucous  membrane  is 
necrosed  but  not  so  readily  detachable  as  in  poisoning  by  mineral 
acids,  and  the  vomit  does  not  usually  contain  shreds  of  tissue.  The 
vomiting  varies  in  severity  and  may  even  be  absent. 

Soon  after  the  absorption  of  oxalic  acid  the  patient  is  pale  with  an  Systemic 
anxious  expression,  the  skin  is  bathed  in  cold  clammy  perspiration,  the 
pupils  are  contracted,  there  are  a  general  numbness,  tingling,  and 
cramps  in  the  extremities,  and  the  patient  often  complains  of  shooting 
pains  from  the  lumbar  region  down  the  legs.  Respiration  is  rapid  and 
laboured,  there  may  be  convulsions,  coma  supervenes,  and  death  soon 
follows. 

Death  is  the  result  mainly  of  the  poisonous  effects  after  absorption. 

The  calcium  content  of  the  blood  is  reduced  sufficiently  to  prevent  post¬ 
mortem  coagulation. 

It  is  generally  safe  to  wash  out  the  stomach,  and,  since  this  form  of  Treatment 
treatment  is  far  more  efficient  than  emetics  in  eliminating  the  poison,  it 
is  only  in  those  cases  in  which  it  is  believed  that  a  very  highly  con¬ 
centrated  dose  has  been  taken  that  there  should  be  any  hesitation. 

Since  so  many  cases  terminate  fatally  in  a  very  short  time,  it  is  obviously 
important  to  remove  the  poison  as  completely  as  possible.  The  stomach 
should  be  washed  out  with  saccharated  solution  of  calcium  hydroxide, 
which  not  only  neutralizes  the  poison  but  also  converts  it  into  an 
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insoluble  oxalate.  After  several  wash-outs  a  quantity  ol  the  lime-water 
should  be  left  in  the  stomach.  In  most  cases  or|x>isoninT  in  which  the 
stomach-tube  is  permissible  it  is  desinihle  to  wasli  a  secamd  time  a  tew 
hours  later,  because  many  poisons  after  absorption  arc  rc-cxcretcd  into 
the  stomach. 

If  the  patient  survives  for  an  hour  or  two,  tticre  is  a  good  cliancc  ol 
recovery;  therefore  every  use  ol  eliminative  processes  sliouhl  be  made. 
As  diarrhoea  is  common  in  this  form  of  poisoning,  colonic  lavage  may 
not  be  necessary,  but,  unless  tlie  diarrhoea  sets  in  soon,  lliis  should 

be  done. 

(10) — ^Paraldehyde 

1504]  This  substance, a  mixture  of  polymcridcs  of  acetaldehyde,  vvilb  lire 
formula  (CH;,.CHO)a,  is  a  colourless  liquid  with  a  burniug  taste  and 
a  characteristic  smell.  Its  action  is  similar  to  that  ol  cliloial  hydi,itc. 

(a)  Acute  Poisoning 

Its  toxicity  is  low,  and  it  is  dillicull  to  give  any  liguie  wbich  nmy  be 
regarded  as  a  possible  fatal  dose.  Lrobably  several  Iluid  ounces  would 
have  to  be  taken.  It  is  impossible  to  define  the  fatal  iicriod. 

Apart  from  some  reddening  of  the  stomach  wall,  which  dopciuls  m\ 
the  time  that  the  patient  has  lived  after  taking  tlio  poison,  and  a 
characteristic  odour  of  the  drug  in  the  viscera,  there  is  nothing  charac¬ 
teristic  at  necropsy. 

Large  doses  may  cause  nausea,  vomiting,  and  dizziness.  Ihc’  patient 
soon  passes  into  stupor  and  unconsciousness  with  complete  muscular 
relaxation,  followed  by  recovery  or  by  death.  Tire  condition  should  be 
easily  recognized,  because  even  after  medicinal  doses  the  characteristic 
odour  of  the  drug  is  noticeable. 

The  treatment  used  in  most  narcotic  drug  poisoning  may  licrc  be 
followed,  in  particular  that  applied  to  sulphonal  (see  |x  8.5). 


(b)  Chronic  Poisoning 

Many  persons  have  become  addicts  to  this  drug  despite  its  unpleasant 
odour  and  taste;  it  is  alleged  that  it  produces  a  dclhutc  euphoria.  T’hc 
symptoms  are  disturbances  of  digestion,  emaciation,  and  mu.scular 
weakness  with  tremor.  Mental  degeneration  ensues,  with  loss  of  mommy, 
confusion,  hallucinations,  and  delusions.  In  such  cases  it  is  not  un¬ 
common  for  persons  to  take  2  to  3  fluid  ounces  of  the  drug  daily. 

(11)— -Phenol  and  Lysol 

1505.]  Phenol  when  pure  is  a  colourless  crystalline  deliquescent  solid.  Il 
liquefies  when  water  is  added  in  the  proporti on  of  I  ()()  parts  of  phenol  to 
10  of  water,  forming  ‘liquefied’  phenol,  and  remains  liquid  until  30  to 
40  parts  of  water  are  added,  when  the  liquid  separates  into  two  layers, 
the  upper  layer  consisting  ofa  solution  of  water  in  phenol  and  the  lower 
of  a  solution  of  phenol  in  water.  When  sulHcicnt  water  is  added  so  that 
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the  ratio  of  phenol  to  water  is  1  to  13  the  phenol  passes  completely  into 
solution  and  remains  in  solution  in  all  dilutions  above  this  ratio. 

The  cresols  are  only  slightly  soluble  in  water,  a  saturated  solution  being  Cresols 
about  2  per  cent.  They  are  commonly  used  as  antiseptics,  e.g.  solution 
of  cresol  with  soap  (lysol).  In  this  form  the  cresol  is  miscible  in  all 
proportions  with  water,  alcohol,  and  ether,  and  no  precipitation  should 
occur  even  with  hard  water.  This  disinfectant  is  prepared  by  heating 
cresol  with  oil  (generally  linseed)  and  potassium  hydroxide.  The  result¬ 
ant  liquid  is  soapy  to  the  touch  and  contains  a  small  amount  of  free 
alkali.  The  standard  proportion  of  cresol  in  lysol  is  50  per  cent. 

In  several  cases  60  grains  of  phenol  have  caused  death,  but  recovery  Fatal  dose 
has  occurred  from  much  larger  doses.  The  concentration  of  the  poison 
when  taken  is  also  an  important  factor.  Death  has  followed  local 
application  to  wounds  and  its  use  as  a  douche.  It  may  be  assumed  that 
the  toxicity  of  the  mixed  cresols  is  the  same  as  that  of  phenol,  but  the 
low  solubility  of  the  former  may  be  a  favourable  factor.  It  is,  however, 
unlikely  that  the  pure  cresols  would  be  taken,  because  they  are  not 
available  to  the  public.  Lysol,  the  common  form  available  to  the  public, 
is  completely  miscible  with  water;  its  toxicity  may  therefore  be  regarded 
as  similar  to  that  of  phenol.  Although  exceptional,  a  fatal  case  of  lysol 
poisoning  is  recorded  after  taking  1  to  2  teaspoonfuls  of  lysol.  If  the 
higher  figure  is  taken  and  the  lysol  assumed  to  be  50  per  cent  cresol, 
this  is  equivalent  to  60  grains  of  mixed  cresols.  The  degree  of  dilution 
here  also  is  of  importance.  Recoveries  after  3  fluid  ounces  and  upwards 
are  known.  Generally  speaking,  the  average  fatal  dose  of  both  phenol 
and  lysol  (in  terms  of  the  cresol)  is  probably  greater  than  60  grains  and 
is  commonly  stated  to  be  about  ^  fluid  ounce. 

Although  deaths,  about  30  minutes  to  several  days  after  the  poison  Fatal  period 
was  taken,  are  on  record,  in  most  fatal  cases  death  probably  occurs  in 
2  to  8  hours.  One  fatal  case  is  recorded  in  which  a  man  carrying  a 
bottle  of  lysol  in  his  hip-pocket  went  to  sleep,  the  bottle  broke,  and  his 
skin  was  brought  into  contact  with  the  lysol  over  an  area  extending 
from  hip  to  heel  on  one  side.  He  died  in  30  to  45  minutes. 

Brownish  or  white  eschars  may  be  present  about  the  mouth  from  Morbid 
dribbling  of  thepoison  when  taken.  In  the  bucco-pharynx  and  oesophagus 
(at  the  lower  end  and  where  it  crosses  the  left  bronchus)  the  surface  is 
stiffened  and  white,  owing  to  the  tanning  effect  of  the  poison,  and  the 
deeper  tissues  are  loose  and  translucent  from  inflammatory  oedema. 

The  stomach  is  contracted,  rugous,  and  stiff,  like  a  formalin-fixed  Stomach 
specimen.  The  coagulated  surface,  which  is  brown  from  alteration  of 
blood  in  the  congested  capillary  bed,  may  be  broken  up  and  fissured 
by  the  muscular  movements  of  the  organ  during  life.  The  changes  are 
generally  most  pronounced  along  the  crests  of  the  folds,  where  the 
mucosa  is  most  exposed.  The  contents  of  the  stomach  are  watery, 
generally  smell  strongly  of  the  poison,  and  often  contain  blood.  They 
are  acid  when  phenol  has  been  taken  but  are  generally  alkaline  in 
lysol  poisoning,  because  lysol  contains  some  free  alkali.  In  places  there 
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may  be  a  little  coagulated  mucus  and  adherent  (ibrin;  sometimes  the 
coagulation  extends  through  the  wall  of  the  sU)macli  to  the  adjacent 
organs.  The  poisonous  effects  do  not  pass  far  into  the  small  intestine. 
The  transverse  folds  of  the  duodenum  may  sliow  the  same  brown 
fixation-necrosis  as  the  stomach.  In  the  lungs  there  may  be  local 
necroses  due  to  aspiration  of  the  poison  during  swallowing  or  vomiting, 
but  hypostatic  congestion  and,  if  the  patient  has  survived  long  enough, 
broneho-pneumonia  are  commoner.  There  is  often  luhular  nei->hrilis. 
The  urine  contains  casts  and  may  smell  of  the  poison.  The  smell  may 
also  be  detectable  in  the  viscera,  which  show  general  congestion  and 
parenchymatous  degeneration.  The  contraction  ol  the  pupils  seen  in 
coma  is  absent. 

When  the  poison  has  been  taken  by  the  mouth,  there  is  an  iminedialc 
hot  burning  sensation  from  the  lips  to  the  stomach.  This  is  soon  dulled, 
owing  to  the  local  anaesthetic  effect.  Vomiting  generally,  but  not  always, 
occurs  and  for  the  same  reason  is  not  vci-y  pronounced.  In  many  ca.ses 
of  poisoning  the  contact  of  the  poison  with  the  lips  produces  local 
damage,  the  lips  and  angles  of  the  mouth  being  sLained  hntwn  and 
the  buccal  mucous  membrane  whitened.  Poi.son  trickling  down  from 
the  mouth  may  also  produce  a  brownish  stain.  'I’hc  patient  is  collapsed, 
with  a  feeble  pulse,  and  soon  pa.sscs  into  coma,  often  preceded  by 
mental  symptoms,  such  as  delirium  and  convulsions.  The  pupils  arc 
contracted,  the  surface  of  the  body  is  cold  and  clammy,  and  llic  tempera¬ 
ture  is  subnormal.  Occasionally,  if  the  patient  lives  long  enougli,  tlicre 
may  be  hyperpyrexia.  Death  may  occur  from  cardiac  paralysis  <,)r 
from  pulmonary  oedema.  A  diagnosis  may  bo  inailc  fr()m  the  odour  of 
the  breath.  If  concentrated  poison  has  been  taken,  the  vomit  contains 
shreds  of  mucous  membrane  and  altered  blood,  'flic  urine  is  of  normal 
colour,  but  it  darkens  on  being  allowed  to  stand  in  conlact  witli  air 
(carboluria).  This  change  is  due  to  hydrotiuinol  or  pyrocalecliol  sub¬ 
stances  formed  in  the  body  from  the  poison.  'I'he  urine  may  also 
contain  albumin,  casts,  and  even  blood,  and,  if  Ihe  acute  phase  is 
recovered  from,  the  patient  may  die  later  from  uraemia.  Jaundice  has 
also  been  observed  as  a  sequel.  When  the  poisoning  has  resulted  from 
absorption  through  the  skin  or  the  vagina,  the  general  symptoms  arc 
similar. 

The  stomach  should  be  washed  out  with  copious  quantities  of  water, 
especially  since  the  common  emetics,  even  apomorphiuc  hydrochloride, 
may  fail  to  produce  emesis.  Saccharaled  solution  of  calcium  hydroxide 
(lime-water)  may  he  added  to  the  water  used  for  lavage.  When  lavage  is 
completed,  a  quantity  of  magnesium  or  sodium  sulphate  may  be  left  in 
the  stomach  in  the  hope  that  the  poison  in  the  liver  may  be  converted 
into  the  innocuous  sulphonic  acid  derivative,  but,  owing  to  the  prevalent 
view  that  sulphates  are  not  absorbed,  it  has  been  suggested  that  these 
drugs  should  be  given  intravenously.  Demulcent  drinks,  excluding  those 
containing  oil,  may  be  given.  The  shock  must  be  combated,  and  stimu¬ 
lants  will  be  required.  Otherwise  the  treatment  is  symptomatic. 
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lo  cases  of  chronic  poisoning  there  are 
post-mortem  appearances  of  ochronosis. 


carbolnria  and  possibly  the  Chronic 

poisoning 


,,,  ,  5-ALKALOIDS 

(1)— Aconitine 

1506.]  Aconitine  and  allied  alkaloids  are  the  poisonous  active  principles  Sources 
of  Aconitum  napellus,  commonly  grown  in  English  gardens.  There  are 
several  other  species  of  this  genus,  most  of  which  contain  these  alkaloids. 

The  alkaloids  are  present  in  all  parts  of  the  plant,  although  only  the 
root  is  official  in  the  British  Pharmacopoeia.  No  dose  of  the  plant  or  of 
the  alkaloid  is  given  in  the  Pharmacopoeia,  and  it  is  now  generally  used 
to  prepare  a  liniment.  The  root  has  been  mistaken  for  horse-radish  with 


fatal  results. 

Aconitine  is  one  of  the  most  powerful  poisons  known.  As  little  as  Fatal  dose 
grain  has  proved  fatal. 

Death  occurs  generally  in  3  to  4  hours,  although  both  shorter  and  Fatal  period 
longer  periods  are  known. 

When  toxic  quantities  are  taken,  numbness  and  tingling  of  the  mouth  Symptoms 
and  tongue  are  felt  in  a  few  minutes,  followed  by  a  burning  sensation 
down  the  throat  and  in  the  abdomen.  There  is  a  profuse  salivation,  and 
there  may  be  vomiting.  The  numbness  and  tingling  soon  spread  over 
the  skin  and  are  particularly  noticeable  in  the  extremities.  Pains  in  the 
eyes  and  head  and  a  difficulty  in  swallowing  are  experienced.  The  pulse 
is  slow,  feeble,  and  irregular,  and  symptoms  of  collapse  appear.  Respira¬ 
tion  is  slow  and  laboured,  and  there  is  muscular  weakness.  The  patient 
feels  cold,  and  the  skin  is  clammy.  Muscular  twitchings  often  occur  and 
may  be  followed  by  convulsions.  The  pupils  in  the  late  stages  are  dilated, 
and  the  intellect  is  clear  to  the  end.  According  to  one  writer  the  pricking 
of  the  throat  and  skin  is  almost  pathognomonic,  the  only  other  poison 
which  produces  similar  effects  being  veratrine. 

Death  takes  place  from  either  respiratory  or  cardiac  paralysis,  the 
former  being  commoner. 

Treatment  consists  of  gastric  lavage  with  charcoal  suspension  or  with  Treatment 
tannic  acid  solution  and  the  administration  of  stimulants,  the  choice 
depending  on  whether  the  respiratory  or  the  cardiac  functions  appear 
to  be  the  most  involved.  The  use  of  oxygen  may  be  desirable,  and  warmth 
is  necessary. 


(2)— Atropine  Group 

1507.]  The  more  important  solanaceous  plants  from  which  this  group  of  Sources 
alkaloids  is  derived  are:  Atropa  belladonna,  which  contains  /-hyoscya- 
miiie  with  a  small  amount  of  atropine;  Hyoscyamus  niger,  which 
contains  /-hyoscyamine  with  a  small  amount  of  /-hyoscine;  Datura 
stramonium,  which  contains  chiefly  /-hyoscyamine  with  some  atropine; 
and  Datura  metel,  which  contains  /-hyoscine  with  some  atropine.  The 
first  three  of  these  grow  in  England  but  are  not  common;  consequently 
poisoning  from  eating  portions  of  the  plants  is  rare.  The  woody  night- 
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shade  Solatium  dulcamara,  is  oltea  mistaken  tor  Atropa  belladonna  but 
is  not  poisonous  or  only  slightly  so.  Many  other  solanaceous  plants 

contain  these  alkaloids. 

The  three  chief  alkaloids  of  these  solanaceous  plants  ate  ati opine, 

hyoscyamine,  and  liyosciiie  (scopolamine). 

Atropine  is  racemic  hyoscyamine,  i.e.  it  contains  equal  c|Liantities  of 
laevo-rotatory  and  dextro-rotatory  hyoscyamine.  The  laevo-rotatory 
form  is  active  medicinally,  whereas  the  dextro-rotatory  form  is  only 
slightly  active. 

Hyoscyamine  as  found  in  plants  is  a  pure  laevo-rotatory  hyoscyamine, 
but  it  is  easily  converted  into  the  racemic  toini,  e.g.  by  the  action  ol 
dilute  alkali. 

Hyoscine  (scopolamine)  is  a  closely  related  lacvo-rolaiory  alkaloid 
with  a  slightly  dilferent  chemical  structure.  The  alternative  name  for 
hyoscine  is  due  to  the  fact  that  a  considerable  quantity  ol  the  puic 
alkaloid  used  in  medicine  is  derived  from  another  member  of  this  group 
of  plants,  Scopolia  carnwUca. 

The  poisonous  actions  of  these  alkaloids  are  so  far  similar  that  they 
may  be  discussed  together.  It  will,  however,  be  understood  that  in  cases 
of  poisoning  due  to  extracts  of  plants  in  which  a  mixture  of  alkaloids 
occurs  the  symptoms  may  vary  and  it  may  be  impossible  to  dillcrcntiatc 
the  effects. 

Individual  response  to  these  drugs  varies  so  much  that  it  is  very 
difiScult  to  fix  even  approximately  an  average  lalal  dose;  Inrlhcr,  in 
most  cases  the  poisoning  has  been  followed  by  recovery.  It  is  probable, 
however,  that  \  grain  of  the  pure  alkaloid  or  the  corresponding  amount 
of  the  crude  drug  may  be  regarded  as  fatal.  Examination  ol  the  recorded 
cases  shows  that  quantities  greater  than  this  amount  have  somclinics 
proved  fatal  and  have  sometimes  been  recovered  from.  Death  generally 
takes  place  within  twenty-four  hours  from  the  lime  when  the  drug  was 
taken. 

After  a  toxic  dose  there  is  soon  a  marked  dryness  of  the  moulli  and 
tongue  due  to  the  inhibition  of  the  flow  of  saliva.  Swallowing  is  dillicult, 
thirst  acute,  and  the  voice  hoarse.  The  pupils  become  widely  dilated 
and  vision  indistinct.  The  skin  is  flushed  and  dry,  and  in  the  later  stages 
eruptions,  generally  morbilliform,  have  been  described.  In  some  cases 
nausea  and  vomiting  occur,  and  headache  and  giddiness  arc  often 
present.  Respiration  is  quickened,  and  there  is  a  rapid  bounding  pulse. 
The  patient  is  generally  excited,  talkative,  and  restless,  and  may  pass 
on  to  a  maniacal  delirium,  and  later  there  may  be  muscular  twitch ings 
leading  to  general  convulsions.  The  flow  of  urine  is  generally  d  imi  nished . 
Later,  signs  of  paralysis  appear,  the  stage  of  excitement  passing  to 
quiet,  then  sleep,  then  coma.  At  this  stage  respiration  and  pulse  arc 
slow,  with  weakening  and  irregularity,  and  finally  death  occurs  from 
respiratory  failure.  It  is  stated  that  in  those  who  have  recovered  the 
mind  is  a  complete  blank  from  the  time  when  the  poison  was  taken 
until  convalescence.  lu  convalescence  the  patient  is  often  confused 
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for  a  day  or  two,  and  the  dilatation  of  the  pupils  remains  for  several 
days. 

Stomach  and  colon  should  be  washed  out  as  indicated  on  page  1 00.  Treatment 

In  the  earlier  stages  of  the  illness,  in  the  stage  of  excitement,  depressants  Earlier  stages 
are  required  but,  owing  to  the  ultimate  action  of  this  poison,  drugs 
which  depress  the  respiratory  centre  must  be  avoided.  Thus,  although 
often  recommended,  morphine  should  be  avoided  and  one  of  the  bar¬ 
biturates  may  be  used  instead.  When  convulsions  are  severe,  it  may  be 
necessary  to  use  ether  or  chloroform  for  a  time. 

In  the  later  stages,  when  paralysis  is  manifest,  stimulants,  especially  Later  stages 
those  which  act  on  the  respiratory  centre,  are  required. 

(3) — Cocaine  and  its  Substitutes 

1508.]  Fatal  accidents  due  to  cocaine  used  as  a  local  anaesthetic  have 
led  to  the  production  of  many  so-called  cocaine  substitutes,  which  must 
be  assumed  to  have  an  action  similar  to  that  of  cocaine,  although  many 
differences  in  detail  will  be  manifest. 

The  alkaloid  cocaine  occurs  in  the  leaves  of  Erythroxylum  coca.  The 
leaves  contain  several  alkaloids,  of  which  cocaine  alone  is  official  in  the 
British  Pharmacopoeia.  Cocaine  may  also  be  prepared  synthetically  from 
ecgonine.  Cocaine,  ecgonine,  and  their  salts  and  esters  are  included  in 
the  drugs  controlled  by  the  Dangerous  Drugs  Act  (see  Vol.  X,  p.  7). 

The  effects  on  persons  unaccustomed  to  the  drug  vary  greatly;  it  is  Fatal  dose 
therefore  very  difficult  to  state  even  approximately  a  fatal  dose.  Death 
has  resulted  from  the  application  of  as  little  as  f  grain  to  the  con¬ 
junctiva,  and  ^  to  l-J  grains  applied  locally  to  mucous  membranes  or 
raw  surfaces  and  by  injection  have  several  times  caused  death.  On  the 
other  hand,  quantities  in  excess  of  these  amounts  have  often  been  used 
without  producing  symptoms.  Probably  about  15  grains  would  in  most 
instances  cause  death. 

Death  usually  occurs  in  about  half  an  hour,  and  if  the  patient  survives  Fatal  period 
this  time  he  will  probably  recover.  Nevertheless  the  fatal  period  has  been 
prolonged  as  long  as  four  hours. 

There  are  no  characteristic  signs  at  necropsy,  but  the  organs  are  usually  Morbid 
congested.  Marks  caused  by  a  hypodermic  needle  should  be  looked  for, 
and,  if  the  patient  was  a  cocaine  addict,  special  attention  should  be  paid 
to  the  nasal  septum,  which  may  be  damaged  or  perforated  from  taking 
the  drug  as  ‘snuff’. 

When  an  analysis  is  required  and  puncture  marks  are  found,  the  area 
of  skin  and  tissues  in  the  region  should  be  widely  excised  and  examined 
for  the  presence  of  cocaine.  This  statement  applies  generally  to  medica¬ 
tion  by  injection. 

When  a  toxic  dose  is  taken,  either  by  mouth  or  by  injection  or  by  local  Symptoms 
application,  the  symptoms  arise  quickly  but  vary  considerably.  Generally 
the  patient  is  restless,  excitable,  and  talkative,  often  making  foolish 
incoherent  remarks.  This  condition  may  progress  to  delirium  and  even 
mania.  Numbness  and  tingling,  with  or  without  anaesthesia,  are  noted 
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in  the  extremities.  The  pulse  is  accelerated  at  first  but  later  is  weak  and 
irregular.  Respiration  is  at  first  shallow.  The  pupils  arc  generally  dilated 
and  insensible  to  light.  Clonic  or  tonic  convulsions  may  occur,  and  the 
patient  ultimately  passes  into  coma,  death  being  due  to  respiratory 
failure.  Instead  of  the  preliminary  symptoms  of  excitation,  the  patient 
may  be  calm  and  wish  to  sleep. 

The  stomach  should  be  washed  out  with  potassium  permanganate 
solution  with  adsorbent  charcoal  suspension.  Stimulants,  e.g.  ammonium 
carbonate,  are  required,  and  warmth  and  oxygen  if  the  respiration  is 
embarrassed. 

(4)  — Colchicum 

1509. ]  Colchicum  auturmak  contains  the  alkaloid  colchicine,  of  which 
probably  about  grain  may  cause  death  in  a  variable  period  withiir 
twenty-four  hours.  The  symptoms  arc  tho.se  of  irritation:  vomiting, 
diarrhoea,  and  prostration.  Anuria  and  haematuria  have  been  recorded. 
The  treatment  is  to  wash  out  the  stomach  with  tannic  acid  solution  or 
with  adsorbent  charcoal  suspension  and  to  give  mucilaginous  drinks  and 
stimulants.  The  post-mortem  signsurc  lho.se  of  gastro-inlcslinal  irritat  ion 
with  congestion  of  the  kidneys  and  perhaps  evidence  ol'a  toxic  ncpiiritis. 

(5)  — Conium 

1510. ]  Conium  maculatum  (hemlock)  contains  the  alkaloid  coniine,  an 
oily  liquid  of  which  one  to  two  drops  (|  to  I !  grains)  arc  considered  to 
be  a  fatal  dose.  It  acts  rapidly,  death  usually  occurring  in  tlirec  hours. 
The  symptoms  are  burning  of  mouth  and  throat,  drowsiness,  muscular 
weakness,  and  a  staggering  gait.  Death  is  due  to  respiratory  failure. 
The  treatment  is  gastric  lavage  anti  stimulation  of  respiration.  At 
necropsy  there  is  nothing  characteristic,  apart  from  signs  of  asphyxia. 

(6)  — Oelsemium 

1511. ]  The  chief  alkaloids  of  Celsemium  sempervirens  arc  gclsemincand  a 
mixture  of  alkaloids  called  gelseminine,  of  which  the  former  is  the  more 
important.  The  fatal  dose  and  period  arc  uncertain.  The  symptoms  of 
poisoning  are  muscular  weakness,  general  prostralion,  diplopia,  dilata¬ 
tion  of  the  pupil,  and  slow  pulse.  Death  is  due  to  respiratory  failure. 
The  treatment  is  to  wash  out  the  stomach,  to  give  sti  mulants,  and  to  keep 
the  patient  warm.  No  characteristic  sign  is  found  at  necropsy. 

(7)  — ^Ipecacuanha 

1512. ]  The  chief  alkaloids  of  this  plant  are  emetine  and  ccphaci  ine.  Owing 
to  its  emetieproperties  it  is  doubtful  if  a  case  of  poisoning  by  ipecacuanha 
has  ever  occurred;  but  there  have  been  a  few  cases  of  poisoning  by 
emetine.  The  fatal  dose  and  period  are  uncertain.  The  symptoms  arc 
those  of  gastro-intestinal  irritation  and  ultimately  heart  failure.  Since 
the  cases  of  poisoning  have  occurred  mainly  in  persons  undergoing 
treatment  for  amoebic  dysentery,  treatment  of  the  poisoning  consists  of 
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withdrawal  of  the  drug  and  the  promotion  of  its  rapid  elimination.  At 
necropsy  signs  of  gastro-intestinal  irritation  are  found. 

(8) — ^Morphine  and  Opium 

1513.]  The  alkaloid  morphine  combined  with  meconic  acid  occurs 
together  with  some  twenty-five  other  alkaloids  in  similar  combination 
in  opium.  Raw  opium  is  required  by  the  British  Pharmacopoeia  to  contain 
not  less  than  9-5  per  cent  of  anhydrous  morphine,  and  the  powdered  dry 
opium  of  the  British  Pharmacopoeia  must  contain  9-5  to  10*5  per  cent 
of  anhydrous  morphine.  The  salts  of  morphine  in  common  use  are  the 
hydrochloride,  sulphate,  tartrate,  and  acetate. 

Opium  and  morphine  are  subject  to  the  provisions  of  the  Poisons 
Rules  and  the  Dangerous  Drugs  Acts,  and,  although  certain  preparations 
of  these  drugs  are  exempt  from  the  Dangerous  Drugs  Regulations,  all 
preparations  of  morphine  fall  within  the  compass  of  the  Poisons  Rules 
(see  Yol.  X,  p.  7).  From  the  toxicological  aspect  morphine  and  opium  may 
be  considered  together  with  diamorphine  (heroin),  dilaudid,  and  other 
synthetic  derivatives  of  morphine. 

In  persons  unaccustomed  to  morphine  1  grain  of  the  hydrochloride  has  Fatal  dose 
on  several  occasions  caused  death,  and  4  to  5  grains  of  opium  have  also 
been  fatal.  There  are  records  of  death  from  preparations  of  opium, 
the  morphine  content  of  which  has  been  less  than  the  fatal  quantities 
indicated  above,  but  their  authenticity  may  be  regarded  as  doubtful. 

As  a  general  rule,  however,  the  average  fatal  dose  in  persons  unac¬ 
customed  to  the  drug  may  be  regarded  as  at  least  double  the  figures  given 
above. 

The  human  body  becomes  rapidly  habituated  to  opium;  consequently,  Tolerance 
even  although  the  drug  has  only  been  taken  for  a  short  time,  very  much 
larger  doses  would  be  required  to  produce  a  fatal  result.  Thus  in  one  case, 
a  woman  dying  of  cancer  required  80  grains  of  morphine  a  day  to  elimin¬ 
ate  pain.  Children  are  particularly  susceptible  to  opium  and  morphine, 
and  very  small  amounts  have  been  fatal. 

In  most  cases  of  fatal  poisoning,  death  generally  occurs  in  6  to  12  hours,  Fatal  period 
the  commonest  time  being  9  to  10  hours.  The  quantity  taken  appears 
to  influence  but  little  the  length  of  the  interval  between  the  dose  and 
death.  If  the  patient  survives  18  to  24  hours,  the  chances  of  recovery 
are  increased. 

There  is  nothing  very  striking  about  the  morbid  anatomical  findings  at  Morbid 
necropsy.  Death  takes  place  in  coma  with  respiratory  failure.  There  is 
marked  cyanosis  of  the  head  and  extremities.  The  blood  is  usually  dark 
and  fluid.  The  viscera  are  congested,  slightly  oedematous,  and  cloudy. 

The  congestion  may  be  especially  noticeable  in  the  brain  and  lungs. 

The  stomach  contents  may  have  the  characteristic  smell  of  opium, 
but  this  will  be  absent  in  poisoning  by  morphine.  In  death  the  pupils 
are  not  contracted  and  may  be  dilated. 

If  a  poisonous  dose  is  taken  by  mouth,  the  symptoms  generally  begin  Symptoms 
in  10  to  30  minutes,  according  to  the  state  of  the  stomach-  If  the  dose 
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is  administered  hypodermicaily,  the  symptoms  appear  more  rapidly, 
Severe  symptoms  of  poisoning  and  even  death  may  occur  after  rectal 
administration,  and  severe  poisoning  when  tlie  drug  has  been  incor¬ 
porated  in  poultices  applied  over  broken  skin.  At  first  tlicrc  may  be 
some  slight  mental  exhilaration  combined  with  a  quickening  and 
strengthening  of  the  pulse.  This  is  said  to  be  more  apparent  with 
opium,  due  no  doubt  to  the  associated  alkaloids.  There  may  be  nausea 
and  occasionally  vomiting.  Soon  follow  dizziness,  heaviness  of  the  head, 
languor  and  drowsiness,  and  a  desire  to  sleep.  Hiis  desire  is  irresistible, 
and  sleep  soon,  comes  on,  The  pulse  at  this  stage  becomes  slow  and 
weak.  The  patient  has  a  pleasing  euphoria  with  rapidly  changing  and 
pleasant  series  of  ideas.  At  this  stage  the  patient  may  be  awakened  by 
shoutingor  by  physical  stimulation.  There  are  a  gradual  loss  of  muscular 
power  and  diminished  scirsalion.  'the  sleep  passes  into  coma,  pupils  are 
pin-point,  and  conjunctival  reaction  lessens  and  is  finally  abolished. 
The  pulse  is  slow  and  feeble,  and  respiration  is  slow  and  shallow  and 
towards  theend  periods  of  a  quarter  to  Haifa  minute  may  elapse  without 
any  respiratory  action.  When  respiration  rc-slarls  it  is  often  of  the 
Cheyne-Stokes  type.  The  face  is  bluish,  the  extremities  are  livid,  the 
skin  is  moist  and  clammy  and,  although  the  body  may  feel  warm  to 
the  touch,  the  temperature  is  subnormal. 

Death  is  ushered  in  with  cessation  of  respiration,  the  heart  perhaps 
beating  for  a  time  after  the  respiration  has  ceased.  In  the  terminal  stage, 
when  the  patient  is  quite  llaccid  and  the  end  is  near,  the  pupils  often 
dilate,  so  that  a  patient  seen  for  the  first  lime  at  this  stage  may  lead  the 
practitioner  to  think  that  the  case  is  not  one  of  morphine  poisoning. 
The  stomach  should  be  washed  out  immediately  with  a  dilute  solution 
of  potassium  permanganate,  but,  since  potassium  permanganate  is  a 
powerful  oxidizing  agent  and  decomposes  morphine,  it  is  desirable  that 
the  first  stomach  contents  removed  should  be  free  from  (his  substance 
if  an  analysis  of  the  poison  is  required,  which  is  especially  important 
when  the  nature  of  the  poison  is  not  known.  Since  morphine  is  excreted 
into  the  stomach,  gastric  lavage  is  advised  even  when  (he  morphine 
has  been  administered  hypodennically.  The  lavage  should  be  repealed 
again  in  four  hours  and  a  third  lime  if  the  patients  condition  warrants 
it.  High  colonic  lavage  should  also  be  practised  two  or  three  times  at 
about  four-hour  intervals. 

If  the  patient  is  still  in  the  drowsy  or  in  the  pre-coma  lose  stage, 
mechanical  and  electrical  stimulation  may  be  used  to  prevent  or  delay 
coma,  but  it  is  doubtful  if  it  is  justifiable  to  walk  the  patient  about  and 
flagellate  him.  Stimulants,  especially  respiratory  stimulants,  should  be 
adininistered.  A  warning  is  necessary  about  atropine,  which,  although 
it  may  be  given  generously,  should  not  bo  pushed  so  far  as  to  produce 
poisoning  in  persons  not  under  the  inilucncc  of  morphine. 

Oxygen  and  carbon  dioxide  arc  required  in  the  later  stages,  and,  when 
signs  of  failing  respiration  are  observed,  artificial  respiration  should  be 
persevered  with  until  the  end;  a  respiration  chamber  should  be  used  if 
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possible.  The  bladder  should  be  watched  and  if  necessary  catheterized, 
all  the  urine  drawn  off  being  reserved  for  analysis  if  required. 

For  chronic  poisoning  see  title  Drug  Addiction,  Vol.  IV,  p.  247.  Chronic 

poisoning 

(9) — Nicotine 

1514.]  This  alkaloid  occurs  in  tobacco,  Nicotiana  tabacum,  and  is  the  only 
alkaloid  of  importance  in  the  plant.  In  the  pure  state  it  is  a  liquid,  and  Physical 
it  is  the  only  alkaloid,  apart  from  coniine,  of  toxicological  significance 
which  is  not  solid  at  ordinary  temperatures.  It  forms  salts,  such  as  the 
sulphate,  all  of  which  are  solids.  The  pure  alkaloid  is  a  pale-yellowish 
oil,  but  ordinary  commercial  samples  are  dark-brown  owing  to  changes 
produced  by  the  action  of  light. 

Cases  of  poisoning  are  met  with  occasionally  not  from  smoking  but 
in  connexion  with  the  use  of  this  alkaloid  in  horticulture  as  an  insecti¬ 
cide;  accidental  poisoning  may  thus  be  due  to  sprays  used  or  be 
suicidal  from  the  drinking  of  the  nicotine  preparation.  Central  scotoma 
in  heavy  smokers  is  stated  to  be  due  to  nicotine. 

The  prevalence  of  tobacco  smoking,  with  the  resulting  tolerance  from  Fatal  dose 
the  small  quantities  of  nicotine  absorbed,  makes  it  difficult  to  fix  a 
possibly  fatal  dose.  Further,  the  commercial  preparations  of  the 
alkaloid  vary  much  in  composition.  Probably  a  few  drops  of  the  pure 
liquid  alkaloid  would  prove  fatal  in  most  instances.  When  considerable  Fatal  period 
doses  have  been  taken,  death  occurs  in  a  few  minutes.  Next  to  hydro¬ 
cyanic  acid,  nicotine  is  the  most  rapidly  acting  poison  known. 

The  facial  expression  may  be  staring  and  the  pupils  dilated.  The  smell  Morbid 
of  tobacco  may  be  present  in  the  gastric  contents,  in  the  upper  food- 
passages,  and  sometimes  also  in  other  viscera.  If  death  has  not  been 
immediate,  there  may  be  inflammatory  changes  on  the  exposed  mucous 
surfaces.  Death  is  apnoeic,  there  is  venous  congestion  of  the  viscera, 
and  the  blood  is  dark  and  fluid. 

Large  doses  of  the  alkaloid  produce  a  hot  burning  sensation  in  the  Symptoms 
mouth,  spreading  down  the  oesophagus  to  the  stomach.  Salivation  and 
vomiting  generally  occur,  followed,  if  the  patient  survives  long  enough, 
by  diarrhoea.  Mental  confusion,  muscular  weakness,  giddiness,  and 
restlessness  are  often  followed  by  muscular  twitching,  clonic  con¬ 
vulsions,  and  tetanic  spasms.  Unconsciousness  ushers  in  death.  The 
pulse  is  rapid  at  first,  but  later  it  is  often  slow  and  feeble.  Respiration 
becomes  slow  and  weak  and  finally  stops,  the  heart  continuing  to  beat 
after  respiration  has  ceased.  Thus  nicotine  is  essentially  a  respiratory 
poison.  Very  large  doses  may  prove  fatal  in  an  extremely  short  time 
from  paralysis  of  the  central  nervous  system  and  abolition  of  respiration. 

When  large  doses  have  been  taken,  the  rapidity  of  death  prevents  Treatment 
any  effective  treatment.  Gastric  lavage  with  tannic  acid  solution  is  the 
best  treatment  and  should  be  followed  by  general  eliminative  measures 
if  the  patient  survives.  Stimulants,  particularly  those  acting  on  the 
respiratory  centre,  warmth,  and  oxygen  with  carbon  dioxide  should  be 
tried. 
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(10)  — Physostigmine 

1515. ]  Physostlgma  venemsum  contains  tlie  alkaloid  physostigmine 
(eserine).  Very  little  is  known  about  the  toxic  clVecls  ol'  this  drug,  and  no 
opinion  can  be  expressed  concerning  the  fatal  dose  and  period.  The 
symptoms  due  to  a  poisonous  do.se  taken  by  the  mouth  appear  to  be 
continuous  vomiting,  salivation,  epigastric  pain,  and  contraction  of  the 
pupil. 

The  treatment  consists  in  the  removal  of  the  poison  and  of  the  treat¬ 
ment  of  such  symptoms  as  nray  occur.  No  characteristic  sign  is  found  at 
necropsy. 

(11)  — Strychnine  and  Brucine 

1516. ]  Various  species  of  the  genus  Stryclinos  contain  (he  alkaloids 
strychnine  and  brucine;  Stryclinos  nux  vomica  and  Strychnos  ryi/iitii  are 
the  most  important,  and  of  theseonly  the  former  isolTicial.  T'lic  plant  docs 
not  growin  Great  Britain.  The  beans  of  nux  vomica,  the  part  of  the  plant 
which  is  official,  contain  1  -8  to  .5-3  per  cent  of  tot;d  alkaloid, s,  of  whicli 
about  one-half  is  strychnine.  The  St.  Ignatius  bean  contains  2-5  to  3  per 
cent,  ofwhich  rather  more  than  onc-halfis  strychnine.  The  D.P.  prepara¬ 
tions  of  the  bean  are  all  standardized  in  terms  of  their  strychnine 
content.  The  pure  alkaloid  strychnine  is  official  as  the  hydrochloride, 
but  brucine  is  not  official. 

Owing  to  the  terrible  effects  of  a  poisonous  dose  in  both  man  aiul 
animals,  sale  of  the  alkaloid  and  its  prcparalioms  except  to  laboratories, 
to  medical  men,  and  in  compounded  medicines  is  now  prohibited. 
Consequently  the  sale  of  strychnine  vermin-killers  is  not  now  allowed. 

Strychnine 

The  alkaloid  strychnine  in  the  pure  state  occurs  as  prismatic  needle- 
shaped  crystals  and  on  account  of  this  has  been  mistaken  for  certain 
non-poisonous  inorganic  salts,  c.g.  magnesium  sulphate.  It  is  an 
intensely  bitter  substance,  the  taste  being  appreciable  even  in  a  1  in 
600,000  solution  in  water. 

Half  a  grain  has  proved  fatal  on  more  than  one  occasion  and  must 
therefore  be  regarded  as  a  possibly  fatal  dose;  but  recovery  has  followed 
after  much  larger  quantities. 

Death  generally  supervenes  in  1  to  3  hours,  but  it  has  occurred  much 
more  rapidly.  After  three  hours  the  chance  of  recovery  increases  the 
longer  the  patient  lives. 

The  heart  is  dilated,  and  the  lungs  are  slightly  oedematous.  The  blood 
tends  to  be  fluid  and  the  organs  to  be  congested  and  dark.  There  arc 
petechial  haemorrhages  on  the  skin,  pleurae,  and  mucous  surfaces. 
Sometimes  the  capillary  haemorrhage  is  ccchymotic.  In  cases  pre¬ 
disposed  by  vascular  disease  there  may  be  cerebral  haemorrhage.  The 
muscles  may  show  microscopic  evidence  of  tearing,  and  the  associated 
haemorrhage  may  he  visihle  to  the  naked  eye.  There  may  be  marks  of 
superficial  bruising  due  to  injury. 
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The  symptoms  generally  begin  in  10  to  15  minutes  after  a  possibly  Symptoms 
fatal  dose  has  been  taken.  The  patient  at  once  notices  a  bitter  taste, 
and,  although  the  food  or  drink  is  therefore  rejected,  some  of  it  is 
generally  swallowed,  with  the  result  that  the  symptoms  occur.  This 
explains  its  successful  use  in  homicidal  cases  in  spite  of  its  bitter  taste. 

The  first  symptoms  are  either  stiffness  of  the  muscles  of  the  neck  and 
a  tightness  in  the  chest,  which  on  account  of  respiratory  uneasiness 
renders  the  patient  anxious,  or  stiffness  of  the  lower  extremities.  Soon 
stiffness  spreads  to  other  muscles,  and  the  patient’s  movements  become 
jerky,  so  that  an  attempt  to  pick  up  an  article  results  in  it  being  knocked 
over.  The  anxiety  increases,  together  with  a  feeling  that  something 
terrible  is  going  to  happen.  In  about  half  an  hour  the  patient  experiences  Convulsions 
a  sudden  and  severe  convulsion.  All  the  voluntary  muscles  are  violently 
and  painfully  contracted,  the  greater  power  of  the  extensors  producing 
full  extension  with  feet  arched  and  arms  extended  or  drawn  across  the 
chest;  extension  may  be  so  excessive  that  the  body  becomes  arched, 
resting  only  on  the  occiput  and  the  heels — opisthotonos.  The  contrac-  Opisthotonos 
tions  are  tonic,  but  there  may  be  momentary  relaxations,  with  the  result 
that  during  a  part  of  the  convulsions  they  may  appear  to  be  clonic. 

During  all  this  time  the  patient  is  fully  conscious  and  suffers  the  most 
acute  mental  and  physical  pain.  He  becomes  cyanosed  from  the  fixed 
contraction  of  the  muscles  of  respiration,  and  his  pulse  is  rapid  and 
feeble.  The  fits  at  first  are  short,  less  than  half  a  minute,  and  followed 
by  a  period  of  relaxation  varying  from  a  quarter  of  a  minute  to  several 
minutes,  during  which  the  patient  can  breathe  and  the  heart’s  action 
improves,  but  he  lies  exhausted,  bathed  in  sweat,  with  the  surface  of  his 
body  cold  and  his  pupils  contracted,  and  he  suffers  mental  agony  and 
dread  of  what  is  to  come. 

After  a  time  a  second  fit  occurs  and  then  a  third  and  so  on,  each 
succeeding  fit  being  longer,  more  violent,  and  followed  by  a  shorter 
period  of  relaxation,  until  one  of  three  things  may  happen:  (i)  the  Course 
patient  may  recover;  in  this  event  the  severity  of  the  fits  gradually 
diminishes,  and  the  intervals  are  longer,  until  fits  pass  off,  and  the 
patient,  except  for  exhaustion,  will  then  make  a  rapid  recovery;  (ii)  he 
may  die  of  asphyxia  during  a  fit;  or  (iii)  he  may  die  of  heart  failure 
either  during  or  between  a  fit.  In  either  event  his  mind  is  clear,  and  he  is 
conscious  to  the  end. 

In  the  period  of  relaxation  the  least  stimulus,  e.g.  touching  the  patient 
or  the  bed,  flashing  a  light,  and  banging  a  door,  will  start  another  fit. 

The  patient  is  thirsty  but  dare  not  drink  for  fear  of  a  fit. 

Strychnine  poisoning  may  resemble  tetanus  when  the  patient  is  at  the  Diagnosis 
height  of  an  attack,  but  the  history  of  the  case,  the  rapidity  of  onset  of  tetanus 
symptoms,  and  the  complete  relaxation  between  the  spasms  in  strychnine 
poisoning  should  clearly  differentiate  the  two  conditions.  Tetanus  is 
characterized  by  the  risus  sardonicus,  and  the  disease  lasts  days  not 
hours.  Strychnine  poisoning  has  been  mistaken  for  status  epilepticus, 
but  the  consciousness  of  the  patient  in  all  stages  rules  out  epilepsy. 
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If  the  patient  is  first  seen  before  the  onset  of  the  convulsions,  the 
stomach  should  be  washed  out  at  once  with  a  solution  of  tannic  acid. 
Failing  tannic  acid,  a  very  weak  solution  of  iodine  or  a  suspension  <.)f 
adsorbent  charcoal  may  be  used.  When  this  has  been  done,  a  full  do.se 
of  chloral  hydrate  should  be  left  in  the  stomach,  d'hc  patient  should  be 
placed  in  bed  in  a  darkened  room  under  the  quietest  conditions  and 
never  left.  Chloroform  and  ether  should  be  at  hand  with  the  nccc.ssary 
means  of  administration,  so  that  the  patient  may  he  anaesthetized  as 
soon  as  there  is  the  slightest  sign  of  the  onset  of  convulsions.  As  .soon 
as  he  is  under,  the  anaesthesia  should  be  kcfit  as  light  as  possible  hut 
sufficient  to  control  the  fits.  Physiological  .saline  may  with  advantage  be 
given  intravenously  or  subcutaneously  to  hasten  the  elimination  of  the 
drug,  and  a  catheter  should  be  passed,  if  nccc.ssary.  'flic  colon  may  be 
washed  out  during  this  period  and  if  necessary  another  dose  of  chloral 
hydrate  given. 

As  soon  as  there  is  evidence  that  the  convulsions  arc  ceasing,  the 
anaesthetic  may  be  gradually  withdrawn.  It  will  probably  be  advi.s- 
ahle  to  wash  out  the  stomach  a  second  time  3  to  4  hours  after  tlic  lirst 
washing.  If  the  patient  is  seen  for  the  first  time  during  convulsions, 
he  should  be  anaesthetized  at  once,  so  that  the  convul.sit)ns  may  be 
controlled  and  the  patient  relieved  from  agony.  When  the  convulsions 
are  controlled,  gastric  lavage  and  the  other  ineasurcs  dcscrihcd  above 
can  he  proceeded  with.  It  will  probably  bo  desirable  to  continue  the 
chloral  hydrate  for  a  few  days  during  convalescence. 

Brucine 

This  alkaloid,  except  in  the  laboratory,  is  only  met  with  mi.xcd  with 
strychnine,  i.e.  in  preparations  of  nux  vomica.  It  resembles  .strychnine 
in  its  action  but  is  very  weak  and  only  slightly  toxic.  Probably  20  to  2.'i 
grains  would  be  necessary  to  cause  death,  ami  it  is  doubtful  if  any 
authenticated  cases  of  poisoning  by  this  alkaloid  alone  have  occurred. 
From  an  analytical  standpoint  cases  of  poisoning  by  mi.i  vomica 
preparations  may  be  distinguished  from  cases  ofpoisoning  by  strychnine 
by  the  presence  or  absence  of  brucine  in  the  viscera.  Such  investigations 
may  be  helpful  in  tracking  down  the  source  of  the  poison. 

(12) — ^Veratrum 

1517.]  The  Ferafr-t/m  genus  of  plants  contains  several  poisonousalkaloid.s, 
the  toxic  properties  of  which  may  be  considered  together.  No  opinion 
can  he  expressed  about  fatal  dose  or  period.  The  symptoms  arc  burning 
and  pricking  of  the  mouth,  epigastric  pain,  salivation,  thirst,  nausea, 
and  vomiting.  Violent  purging  with  colic  and  tenesmus  follow.  The 
prickly  sensation  spreads  over  the  body,  and  the  skin  is  often  erythemat¬ 
ous.  The  pupils  are  dilated.  Death  is  due  to  respiratory  failure.  I'reat- 
ment  consists  of  gastric  lavage  and  the  administration  of  opium  or 
morphine  and  respiratory  stimulants.  Evidence  of  gastro-intestinal 
irritation  is  found  at  necropsy. 
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6.-CANTHARIDES 

1518.]  Cantharidin  is  the  lactone  of  a  complicated  organic  acid  which  Source 
occurs  in  the  bodies  of  cantharides  (Spanish  fly,  Cantharis  vesicatorid) 
and  allied  species.  When  applied  to  the  skin  it  sets  up  local  inflammation  Action 
with  the  formation  of  small  blisters,  which  soon  coalesce  into  a  single 
large  blister.  From  time  immemorial  it  has  been  a  reputed  aphro¬ 
disiac,  but  its  ejffects  in  this  direction  are  grossly  overrated;  it  and  also 
yohimbine  are  alleged  to  be  ingredients  of  aphrodisiacs  sold  to  wealthy 
Eastern  potentates.  Cantharides  is  recommended  as  an  ingredient  in  hair 
restorers,  and  it  is  stated  to  be  a  constituent  of  some  preparations  supplied 
to  cattle  and  horse  breeders. 

It  is  not  possible  to  fix  the  fatal  dose,  but  25  grains  of  the  powdered  Fatal  dose 
beetle  is  stated  to  have  caused  death,  and  according  to  Leschke  about 
0*5  grain  of  cantharidin  may  be  considered  as  an  average  fatal  dose. 

The  fatal  period  varies.  Fatal  period 

The  mucous  membrane  of  the  intestinal  tract  is  acutely  inflamed  with  Morbid 
ulceration  and  vesication  in  places.  The  kidneys  show  a  parenchymatous 
inflammation,  and  the  bladder  and  urethra  may  be  inflamed. 

The  action  of  cantharides  is  essentially  an  intense  local  irritation.  Symptoms 
Taken  by  the  mouth  it  causes  pain  in  the  mouth  and  stomach,  intense 
thirst,  vomiting,  and  purging.  The  vomit  and  the  stools  will  contain 
blood.  Pain  in  the  loins  and  lower  abdomen,  with  strangury  and  the 
passage  of  urine  containing  blood,  are  common.  Priapism  in  the  male 
and  abortion  in  the  female  have  been  recorded.  Headache,  delirium, 
convulsions,  coma,  and  collapse  may  lead  to  a  fatal  termination.  If  the 
acute  symptoms  pass  off,  the  sufferer  may  be  left  with  nephritis  which 
may  prove  fatal. 

The  stomach  must  be  washed  out  as  soon  as  possible.  Albumen  water  Treatment 
and  demulcents  may  be  given,  but  oily  substances  must  be  avoided. 

Morphine  will  probably  be  necessary  to  relieve  the  pain. 


7.~INORGANIC  AND  METALLIC 

(1) — Antimony 

1519.]  Poisoning  by  antimony  is  not  common  now.  Apart  from  the  use 
of  compounds  of  antimony  in  the  treatment  of  certain  tropical  diseases, 
its  use  in, general  medicine  has  almost  disappeared.  In  industry  the 
metal  is  alloyed  for  various  purposes,  e.g.  type  metal,  the  oxide  in 
enamelling,  the  sulphide  in  vulcanizing  rubber;  certain  compounds  are 
employed  as  mordants  in  fire-works;  and  the  trichloride  (butter  of 
antimony)  is  used  in  the  furniture  trade  and  by  gunsmiths.  The  use 
of  the  oxide  as  a  glaze  in  enamel  ware  has  been  responsible  for  cases 
of  poisoning  when  certain  types  of  enamel  vessels  have  been  used  to 
prepare  acid  beverages,  e.g.  lemonade.  Occasionally  the  chloride  (butter 
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of  antimony)  has  been  taken  with  suicidal  intent.  The  chloride  (SbCl.,) 
in  contact  with  water  decomposes  into  antimony  oxychloride  (SbOCl) 
and  hydrochloric  acid;  these  cases  should  therefore  be  regarded  as  cases 
of  poisoning  by  hydrochloric  acid  and  antimony  (sec  p.  70).  In  most 
cases  of  homicidal  poisoning  with  antimony  the  poison  administered 
has  been  tartar  emetic  (potassium  antimonyltartratc). 

(a)  Acute  Poisoning 

It  is  very  difficult  to  fix  a  fatal  dose  of  this  poison,  because  a  very 
early  and  characteristic  symptom  is  vomiting.  A  dtise  of  2  grains  of 
tartar  emetic  is  recorded  as  having  caused  death  in  an  adult,  but 
probably  doses  of  about  10  grains  must  be  regarded  as  a  quantity  likely 
to  kill.  Recovery  has  followed  ingestion  of  more  than  150  grains. 

The  fatal  period  varies  much;  patients  have  lived  from  a  few  hours  to 
several  days. 

The  post-mortem  appearances  closely  resemble  those  in  arsenical 
poisoning.  The  intestinal  tract  is  red,  the  mucosa  is  swollen,  and  there 
are  submucous  haemorrhages  and  ulceration.  The  contents  may  consist 
largely  of  blood-stained  mucus.  Tlic  organs  show  signs  of  parenchymat¬ 
ous  degeneration.  If  the  patient  has  survived  long  cnougli  or  has 
received  more  than  one  dose,  fatty  changes  will  be  (ibserved  in  the 
liver,  kidneys,  and  heart-muscle.  As  in  poi.soning  by  arsenic,  the  body 
is  as  a  rule  well  preserved. 

An  acrid  metallic  taste  (except  in  poi.soning  by  antimony  tricliloride), 
with  a  sense  of  constriction  and  pain  in  the  throat  and  pain  in  the 
stomach,  is  followed  in  15  to  .10  minutes  by  frequent  and  |■)r^)^use 
vomiting.  Later  there  is  diarrhoea,  willi  watery  stools  and  tenesmus. 
The  pulse  is  at  first  accelerated,  but  the  arterial  blood-pivssurc  soon 
falls,  and  the  pulse  becomes  slow  and  irregular.  Perspiration  and  .saliva¬ 
tion  are  profuse,  the  skin  is  cold  and  clammy,  and  there  is  generally 
cyanosis  of  the  face  and  extremities.  Cramps  in  the  calves  may  be 
followed  by  generalized  spasmodic  contraction.  Attacks  of  vertigo  and 
syncope  occur  until  consciousness  i.s  lost,  and  death  results  I'rom  heart 
failure.  The  urine  is  scanty  and  may  be  suppressed;  it  often  contains 
albumin. 

In  poisoning  by  antimony  trichloride  the  patient  will  also  sliow  sigiis 
of  hydrochloric  acid  poisoning  (sec  p.  70). 

The  treatment  described  under  arsenical  poi.soning  (see  p.  Ill)  may 
be  applied  for  this  poison,  except  that  the  liquid  used  to  wash  out  the 
stomach  should  contain  tannic  acid  anti  not  ferric  hydroxide.  If  anti¬ 
mony  trichloride  has  been  taken,  the  stomach  pump  should  not  be  u.sctl, 
because  the  hydrochloric  acid  liberated  has  exerted  a  destructive  action 
on  the  walls  of  the  stomach,  and  alkalis  other  than  carbonates  mu.st  be 
given,  m  order  to  avoid  distension  of  the  stomach  by  gas. 

{b)  Chronic  Poisoning 

In  industry  chronic  poisoning  by  antimony  is  practically  unknown, 
but  when  the  poison  has  been  used  homicidally  and  when  a  series  of 
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doses  has  been  given,  sickness,  abdominal  pain,  loss  of  appetite, 
diarrhoea,  and  prostration,  with  sweating  and  feeble  pulse,  have  been 
recorded. 

(2) — Arsenic 

1520.]  The  importance  of  arsenic  as  a  poison  cannot  be  over-estimated.  It 
has  been  in  use  for  centuries  as  a  favourite  homicidal  poison,  and  in  Eastern 
countries  there  are  hundreds  of  cases  every  year.  Besides  the  ease  with 
which  it  may  be  administered,  owing  to  the  small  amount  required  and 
to  the  tastelessness  of  many  of  the  compounds,  its  wide-spread  use  for  a 
number  of  purposes  renders  it  easily  accessible  to  the  public.  No  doubt 
in  the  East  the  use  of  this  substance  as  a  depilatory  in  the  harem  provides 
a  convenient  source  of  supply. 

The  fact  that  many  cases  of  homicidal  poisoning  in  this  country  have 
only  been  discovered  after  an  exhumation  further  emphasizes  the 
importance  of  the  poison  and  demonstrates  how  easy  it  is  to  mistake 
the  symptoms  of  poisoning  for  natural  disease,  such  as  food  poisoning. 

On  the  other  hand,  from  the  analytical  standpoint  this  poison  can  Detection  by 
perhaps  be  more  easily  detected  than  any  other  poison  and  the  amount 
present  determined  with  the  greatest  accuracy,  even  when  the  minutest 
trace  only  of  the  poison  is  present  in  the  body;  and  in  cases  of  chronic 
poisoning  analytical  investigation  of  the  epidermal  structures  may 
reveal  conclusive  evidence  of  arsenic. 

In  view  of  the  toxic  nature  of  this  poison  and  the  ease  with  which  it 
can  be  excluded  from  food  and  drink  the  Royal  Commission  in  1903 
laid  down  that  the  maximal  quantity  to  be  permitted  in  food  was 
grain  per  pound  and  in  drink  yIis  grain  per  gallon.  This  standard  is 
generally  accepted. 

Compounds  of  the  metalloid  arsenic  are  very  widely  distributed  in  Natural 
nature.  They  occur  in  various  concentrations  in  a  number  of  ores,  in 
coal,  and  in  the  soil  of  certain  localities.  Some  edible  fish,  Crustacea, 
and  molluscs  contain  appreciable  traces  of  arsenic. 

The  following  compounds  of  arsenic  are  used  for  various  purposes,  Industrial 
and  most  of  them  are  available  to  the  public:  sodium  and  potassium 
arsenite,  sold  as  such  and  in  arsenical  sheep-dips,  weed-killers,  cattle- 
dips,  hide  preservers,  worm  powders  and  tablets  for  animals,  fly  powders 
for  external  application  to  sheep,  preparations  for  foot-rot  of  sheep,  and  * 
preservative  solutions  for  wood;  arsenious  oxide  in  arsenical  sheep- 
dips,  powder  for  destruction  of  ants,  and  fly  powders  for  external 
application  to  sheep;  sodium  arsenate  in  arsenical  sheep-dips  and  fly 
powders  for  external  application  to  sheep;  arsenic  sulphides  and  thio- 
arsenates  in  arsenical  sheep-dips  and  fly  powders  for  external  application 
to  sheep;  arsenic  acid  in  arsenical  weed-killers;  copper  arsenite  and 
arsenate  in  arsenical  worm  powders  for  animals;  lead  arsenate — either 
PbHAs04  or  Pb3(As04)2 — ^in  horticultural  spray  or  dust;  calcium 
arsenate,  magnesium  arsenate,  manganese  arsenate,  and  zinc  arsenite 
in  horticultural  spray  or  dust;  London  purple — calcium  arsenite  and 
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calcium,  arsenate— in  horticultural  spray  or  dust;  and  Paris  green- 
copper  aceto-arsenite— in  horticultural  spray.  Arsenical  soaps  also  are 
probably  in  fairly  general  use,  and  certain  arsenical  compounds  are 
used  as  ingredients  in  anti-fouling  paints  for  ships’  bottoms.  With  the 
possible  exception  of  soaps  and  anti-fouling  composition  all  tlie  above- 
mentioned  compounds  can  produce  fatal  poisoning  if  taken  by  man. 
Arseniuretted  hydrogen  is  a  gas  which  from  time  to  time  gives  rise  to 
poisoning  in  industry  (see  p.  162). 

It  is  well  established  that  a  dose  of  2  grains  of  the  poisons  expressed  as 
arsenious  oxide  has  caused  death.  This  figure  is  given  on  the  under¬ 
standing  that  the  form  in  which  the  arsenic  is  taken  can  be  dissolved  in 
water  or  in  the  body  fluids.  No  doubt  a  greater  cjiiantity  of  the  less 
soluble  or  the  insoluble  forms  would  be  required.  Recovery  often  occurs 
after  doses  of  2  grains,  and  the  average  fatal  quantity  is  4  grains  and 
upwards.  Early  and  persistent  vomiting  makes  il  impossible  to  form 
any  opinion,  apart  from  analysis,  about  the  quantity  ol'  poison  absorbed. 
Thus,  recovery  has  occurred  after  several  hundred  grains  have  been 
swallowed. 

The  average  Mai  period  of  a  case  of  arsenical  poisoning  is  about 
thirty  hours,  but  some  cases  have  proved  fatal  in  two  hours,  and  others 
have  been  prolonged  for  several  days.  Symptoms  generally  appear  in 
one-half  to  one  hour,  but  they  have  been  known  to  occur  almost  at 
once  and  to  have  been  delayed  for  several  hours.  CScnerally  speaking, 
the  earlier  the  symptoms  the  more  severe  the  case  and  the  greater  (lie 
probability  of  a  fatal  end.  These  remarks  apply  to  the  poison  taken  by 
mouth,  but  cases  of  poisoning,  some  of  which  have  proved  fatal,  have 
occurred  when  the  poison  has  been  given  pc/*  rectum  in  an  enema  and 
per  vaginam.  to  procure  an  abortion. 

The  post-mortem  appearances  depend  on  dosage,  mode  of  entry,  and 
time  of  survival.  When  a  poisonous  dose  of  arsenic  has  been  taken  by 
the  mouth,  the  most  striking  changes  arc  seen  in  the  upper  part  of  the 
alimentary  tract,  more  particularly  in  the  stomach.  When  the  poisoning 
has  been  by  another  route,  e.g.  from  a  skin  plaster  contaitiinated  with 
arsenic,  the  most  intense  changes  occur  at  the  site  of  entry,  but  some 
inflammation  of  the  stomach  is  seen  also  in  these  cases.  When  there 
have  been  previous  sublethal  attacks,  the  changes,  e.g.  in  the  skin, 
conjunctivae,  and  peripheral  nerves,  of  chronic  arsenical  poisoning  may 
be  superadded  to  the  acute,  If,  on  the  other  hand,  death  from  exhaustion 
has  followed  the  single  or  final  dose  after  a  period  of  several  weeks,  the 
inflammatory  changes  will  have  subsided,  and  the  poison,  except  for 
possible  traces  in  keratin,  may  have  been  completely  eliminated. 

The  post-mortem  findings  of  acute  arsenical  poisoning  by  the  mouth 
are  as  follows.  The  mucosa  of  the  mouth,  pharynx,  and  oesophagus  is 
inflamed,  but  the  effects  here  are  usually  slight.  In  a  case  in  which  the 
oesophageal  mucosa  was  reddened  microscopical  examination  showed 
dilated  venules  and  capillaries,  some  oedema,  and  emigration  of  poly¬ 
morphonuclear  leucocytes. 
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The  changes  are  most  pronounced  in  the  stomach,  which,  owing  to  the  Stomach 
vomiting,  is  usually  emptied  of  all  food  residues  and  contains  a  mucoid 
fluid  tinged  with  blood  and  bile,  with  flakes  of  mucus  in  suspension. 

The  mucosa  is  inflamed,  slightly  swollen,  and  in  places  coated  with 
mucus.  The  colour  varies  with  the  severity  of  the  case  from  a  dull 
brownish  red  to  bright  scarlet.  Even  when  the  whole  gastric  lining  is 
affected,  the  changes  are  more  marked  in  the  fundus,  especially  along 
the  longitudinal  folds,  which  often  show  petechial  haemorrhages  and 
erosions.  Sometimes  masses  of  pasty  white  arsenic  may  be  found 
adherent  at  points  where  the  underlying  mucosa  is  severely  damaged, 
haemorrhagic,  and  black.  Perforation  has  been  recorded,  but  is  extremely 
rare. 

The  inflammation  extends  into  the  small  intestine  throughout,  the  Intestine 
affected  mucosa  being  smooth,  swollen,  and  reddish-brown.  The  con¬ 
tents  may  be  mucoid  and  blood-stained,  as  in  the  stomach.  The  large 
intestine  may  be  empty  of  its  normal  contents  and  contain  rather  more 
mucus  than  normal,  and  maybe  reddened.  The  rectum  is  usually  inflamed. 

The  viscera  are  congested  and  show  parenchymatous  degeneration. 

In  the  liver  and  kidneys  there  is  some  fatty  change.  The  endocardial 
surface  of  the  left  ventricle  often  shows  petechial  haemorrhages.  From 
the  extreme  dehydration  the  skin  becomes  loose  and  the  eyes  sunken. 

The  blood  is  concentrated  from  the  loss  of  fluid,  the  polycythaemia 
partly  accounting  for  the  cyanosis  seen  before  and  after  death. 

There  is  little  doubt  that  arsenic  when  present  in  large  amount  delays 
post-mortem  putrefaction.  Signs  of  gastric  inflammation  have  been 
discerned  even  after  burial  for  many  months.  It  is  probable,  however, 
that  the  preservation — ^post-mortem  ‘mummification’ — noted  in  many 
cases  of  arsenical  poisoning  is  partly  due  to  the  dehydration  of  the 
tissues  during  life. 

(a)  Acute  Poisoning 

Witthaus  divided  the  symptoms  of  arsenical  poisoning  into  two  types:  Symptoms 
(i)  gastro-intestinal,  which  is  the  commonest,  and  (ii)  narcotic.  When  a 
poisonous  dose  of  an  arsenical  substance  is  taken,  no  appreciable  taste 
is  noticed  in  most  cases,  and,  when  it  is  administered  in  solid  form  in 
food,  no  taste  of  arsenic  will  be  noticed. 

Gastro-intestinal  form 

The  first  symptoms  are  irritation  and  heat  in  the  throat,  soon  followed 
by  faintness,  depression,  and  nausea.  Vomiting  and  retching  soon 
follow;  the  vomit  is  at  first  chiefly  food,  but  later  it  is  almost  entirely 
mucus,  often  tinged  with  blood;  when  the  arsenical  preparation  taken 
is  coloured  or  contains  colouring  matter,  this  may  be  noticed.  Abdominal 
pain  soon  follows  first  in  the  epigastric  region  but  without  delay  radiat¬ 
ing  out  over  the  abdomen.  The  pain  is  burning  and  has  been  described 
as  like  a  red-hot  coal  on  the  stomach.  The  abdomen  is  very  tender,  and 
the  pain  is  increased  by  touch  or  palpation.  The  tongue  is  covered  with 
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white  fur,  the  mouth  is  dry,  and  there  is  a  sense  of  constriction  in  the 
throat.  The  retching  continues,  and  any  alleinpt  to  allay  thirst  by 
drinking  fluid  immediately  brings  on  retching,  so  that  the  sufferer  soon 
learns  to  avoid  liquid  by  the  mouth.  Diarrhoea  occurs  later,  often  after 
12  to  18  hours,  but  the  time  of  its  appearance  varies.  The  stools  are 
voided  precipitately.  The  first  stool  is  generally  very  copious,  most  of 
the  intestinal  contents  being  voided  at  one  time,  and  it  is  accompanied 
by  pain  and  tenesmus.  Other  motions  follow  at  short  intervals,  these 
being  ‘cholera-like’,  consisting  of  watery  material  containing  mucus  and 
blood.  The  anus  becomes  very  sore.  About  the  time  of  the  diarrhoea 
muscular  cramps,  particularly  in  the  calves,  arc  distressing  and  painful. 
The  patient  is  fully  conscious,  restless,  and  collapsed.  The  pulse  is 
small,  rapid,  and  irregular.  The  skin  is  cold,  clammy,  and  bluish.  The 
urine,  which  may  contain  albumin  and  casts,  is  scanty  and  may  even 
be  suppressed.  The  collapse  may  soon  usher  in  death,  and  the  patient, 
although  usually  conscious  to  the  last,  may  have  convulsions  and  lose 
consciousness  at  the  end. 

Since  the  condition  is  sometimes  mistaken  for  food  poisoning,  it  may 
be  worthy  of  note  that  in  food  poisoning  retching  and  vomiting  do  not 
persist,  and  vomiting  may  only  occur  once.  Inirther,  the  time  between 
the  taking  of  food  and  the  onset  of  symptoms  is  ol'ten  several  hours, 
whereas  it  is  not  as  a  rule  more  than  about  one  hour  in  arsenical 
poisoning.  The  diarrhoea  comes  on  earlier  in  food  poisoning,  and  in 
most  cases  the  abdominal  pain,  tenderness,  and  cramp  are  much  less 
severe. 

Narcotic  form 

The  gastro-intestinal  symptoms  are  not  severe  and  may  be  absent. 
The  patient  becomes  sleepy  and  unconscious,  sometimes  with  delirium, 
and  dies  without  regaining  consciousness.  The  duration  of  the  illness  is 
shorter,  lasting  as  a  rule  4  to  8  hours.  It  is  a  very  fatal  form. 


{b)  Subacute  Poisoning 

There  is  a  form  of  arsenical  poisoning  in  which  the  patient  appears 
after  a  short  acute  attack  to  exhibit  symptoms  which  are  associated  with 
the  chronic  states.  It  is  sometimes  described  as  subacute  poisoning. 

The  onset  is  of  the  violent  gastro-intestinal  type,  and  in  24  to  48 
hours  the  symptoms  pass  off.  The  abdomen  may  remain  tender,  with 
soreness  of  the  mouth  and  throat,  swelling  of  the  salivary  glands,  severe 
and  persistent  thirst,  and  no  desire  for  food.  Temperature  is  high.  The 
urine  is  diminished  and  contains  albumin  and  casts.  Often  skin  rashes 
appear  which  may  take  almost  any  form.  Headache,  restlessness,  and 
sleeplessness  are  troublesome.  The  eyes  arc  suffused  and  the  con- 
junctivae  injected,  and  the  nasal  mucosa  is  inflamed.  The  strength  fails, 
the  hmbs  are  weak  or  paralysed,  and  the  heart  is  rapid,  feeble,  and 
irregular.  The  patient’s  mind  wanders,  consciousness  is  often  lost 
towards  the  end,  and  convulsions  may  usher  in  death.  Jaundice  some- 
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times  occurs.  Death  in  this  type  may  occur  in  5  to  10  days.  When  the 
possibility  of  homicidal  poisoning  is  under  consideration,  it  must  be 
remembered  that  the  poisoner  may  at  any  stage  of  the  illness  give  a 
second  or  third  dose,  especially  if  the  sufferer  appears  to  show  signs  of 
recovery.  Thus  the  symptoms  associated  with  the  early  stage  of  an  acute 
attadk  may  be  superimposed  upon  the  clinical  picture  of  a  later  stage; 
it  may  then  be  difficult  to  establish  clinically  the  true  diagnosis.  The 
diagnosis  can  only  be  confirmed  by  chemical  analysis,  and  for  this 
purpose  the  first  samples  of  vomit,  faeces,  and  urine  are  the  most 
important  to  preserve,  because  they  contain  the  greatest  quantity  of 
the  poison. 

The  stomach  should  be  washed  out  with  copious  quantities  of  water,  Treatment 
to  which  may  be  added  some  freshly  prepared  ferric  hydroxide,  made 
by  precipitating  it  from  ferric  chloride  with  dilute  ammonia  solution. 

The  precipitate  should  be  squeezed  out  in  muslin  and  washed  to  remove 
excess  of  ammonia.  At  the  conclusion  of  the  washing  a  quantity  of  the 
ferric  hydroxide  should  be  left  in  the  stomach.  The  gastric  lavage  should 
be  repeated  at  intervals  until  the  acute  symptoms  begin  to  subside. 

Owing  to  the  loss  of  fluid  from  the  vomiting  and  diarrhoea,  saline  must 
be  administered  intravenously  or  subcutaneously  according  to  the 
patient’s  condition  to  make  good  the  loss  and  to  assist  in  elimination 
of  the  poison  by  the  kidneys.  Since  arsenic  is  a  powerful  liver  poison,  it 
may  be  desirable  to  add  some  glucose  to  the  saline.  Morphine  will  be 
required  for  the  pain,  and  the  condition  of  the  heart  must  be  carefully 
watched  and  stimulants  given  as  required. 

(c)  Chronic  Poisoning 

This  may  follow  an  acute  attack;  the  first  signs  do  not  usually  appear 
until  at  least  twelve  days  have  elapsed  from  the  original  dose.  It  may 
also  arise  from  the  continued  taking  of  arsenic  over  a  period  of  time. 

The  symptoms  may  be  conveniently  grouped  as  follows:  Symptoms 

(i)  Digestive  disturbances.  The  case  often  starts  with  symptoms  which 
to  some  extent  suggest  a  mild  form  of  an  acute  attack.  There  are  vomit¬ 
ing  and  abdominal  pain  with  constipation  perhaps  alternating  with 
diarrhoea.  The  gums  are  inflamed,  and  the  tongue  has  a  white  silvery 
coating.  Febrile  symptoms  with  a  rapid  pulse  may  be  observed.  These 
symptoms  last  but  a  short  time  and  may  be  absent. 

{ii)  Catarrhal  disturbances.  These  symptoms  may  be  associated  with 
the  secretion  of  arsenic  into  the  mucous  membrane  lining  the  air- 
passages.  There  is  laryngeal  and  bronchial  catarrh  with  a  dry  cough  and 
a  hoarse  and  husky  voice;  the  fauces  are  congested  and  the  vocal  cords 
thickened.  At  the  same  time  there  are  marked  coryza,  congestion  of  the 
conjunctivae,  and  watering  of  the  eyes.  The  patient  often  complains 
that  he  can  only  read  for  a  short  time. 

(iu)  Cutaneous  disturbances.  About  this  time  various  skin  lesions  may 
appear;  they  are  more  commonly  seen  when  small  doses  of  the  poison 
have  been  taken  over  a  long  period.  Various  erythemas,  herpes,  and 
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pigmentation  may  occur;  a  grey  or  greyish-brown  pigmentation  can 
occur  on  face,  neck,  loins,  abdomen,  and  genitals.  Keratosis  is  also 
commonly  seen  on  the  palms  of  the  hands  and  on  the  soles  of  the  feet, 
but  it  may  occur  generally,  making  the  skin  thick,  rough,  and  coarse. 
Thickening  and  los.s  of  the  nails  may  occur,  and  warts  have  been 
described. 

In  the  arsenic  industry  workers  who  have  been  long  exposed  to 
arsenical  dusts  may  develop  epitheliomatous  ulceration  of  the  skin  and 
perforation  of  the  septum  of  the  nose  (see  p.  137). 

(iv)  Neuntic  disturbances.  At  first  there  is  a  feeling  of  numbness  in  the 
legs,  with  tingling,  burning,  and  pricking  sensations,  and  the  patient 
complains  that  he  feels  as  if  he  were  walking  on  cotton-wool.  These 
sensations  may  soon  spread  to  the  hands.  Later  there  are  severe,  often 
shooting,  pains,  and  the  muscles  of  the  legs  and  arms  arc  tender  on 
pressure.  There  is  some  diminution  of  .scn.salion;  light  touch  may  not 
be  perceived,  and  a  pin  must  be  very  (irmly  pressed  ngain.st  the  skin  Ibr 
it  to  be  appreciated.  The  special  senses  generally  escape,  but  there  may 
be  loss  of  sexual  desire. 

(v)  Motor  disturbances  generally  follow,  rapid  fatigue  being  the  first 
complaint.  The  paralysis  may  increase  with  the  characteristic  gait,  and 
soon  the  patient  becomes  bedridden.  Reflexes  may  he  inerca.scci  at 
first  but  later  are  lost.  Wasting  is  pronounced.  In  very  severe  cases 
the  paralysis  may  extend  to  the  abdominal  muscles.  In  the  upper  limbs 
the  small  muscles  are  the  first  to  be  alTected,  hut  in  .severe  cases  the 
arms  may  be  affected.  As.sociated  with  these  symptoms  is  damage  to 
the  heart  muscle,  leading  to  heart  failure,  exhaustion,  and  anaemia. 

In  most  cases  recovery  occurs  but  is  slow  and  may  lake  a  year.  Death 
is  generally  due  to  syncope.  The  treatment  is  elimination  of  the  poison 
and  the  application  of  suitable  massage  and  electrical  treatment  to  (he 
affected  muscles. 

(3) — Barium 

1521.]  Compounds  of  this  metal,  the  nature  of  which  arc  unknown,  are 
found  in  the  kernels  of  Brazil  nuts  in  amounts  varying  from  0d)2to  0*3 
per  cent. 

Salts  of  this  metal  may  be  classed  into  (i)  those  soluble  in  water,  e.g. 
the  chloride,  all  of  which  are  irritant  poisons;  (ii)  tho.sc  soluble  in  the 
body  fluids,  e.g.  the  carbonate,  which  is  also  an  irritant  poison;  and 
(iii)  those  insoluble,  e.g.  the  sulphate,  which  is  harmless  and  is  inscd  in 
radiography.  Fatal  cases  of  poison,  however,  have  been  recorded  from 
the  use  of  the  carbonate  in  mistake  for  the  sulphate,  both  these  salts 
being  white  powders. 

Barium  salts  have  many  uses,  the  carbonate  being  used  as  a  rat  poison, 
the  sulphide  as  a  depilatory,  the  nitrate  in  fireworks  to  produce  a  green 
flame,  the  chlorate  in  dye  works,  and  the  chromate  as  a  pigment. 

From  70to  100  grains  may  be  regarded  as  a  possibly  fatal  dose  but, 
as  with  all  irritant  poisons,  the  early  and  copious  vomiting  explains 
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why  much  larger  quantities  have  not  proved  fatal.  The  fatal  period  Fatal  period 
varies. 

In  the  upper  food-passages  at  necropsy  there  are  inflammatory  changes  Morbid 
with  the  typical  distribution  of  an  irritant  poison,  i.e.  in  the  pharynx, 
lower  end  of  the  oesophagus,  and  especially  in  the  stomach,  where  ' 
they  are  most  pronounced  in  the  fundus,  on  the  posterior  wall,  and 
along  the  rugae.  Where  most  affected  the  gastric  mucosa  may  be 
haemorrhagic,  but  ulceration  is  uncommon.  There  may  be  excess  of 
mucus  on  the  surface,  and  some  of  the  poison  may  be  found,  but  the 
organ  is  generally  emptied  of  all  food  residues.  The  purging  is  associated 
with  inflammation  of  the  rectum.  The  viscera  are  congested  and  show 
parenchymatous  degeneration. 

Acting  locally  as  an  irritant,  it  produces  violent  pains  in  the  stomach  Symptoms 
and  abdomen  with  nausea,  retching,  and  vomiting,  followed  later  by 
purging;  blood  may  be  found  in  the  excreta.  After  absorption  barium 
salts  act  specifically  on  muscular  tissue,  causing  vigorous  muscular 
contraction;  its  action  on  the  myocardium  is  said  to  resemble  that  of 
digitalis.  The  heart-beat  is  increased  in  force  and  frequency,  blood- 
pressure  rises,  and  in  fatal  cases  the  heart  is  stopped  in  systole.  The 
poison  also  acts  on  the  central  nervous  system,  eventually  producing 
coma  with  convulsions  and  in  some  cases  paralysis. 

Barium  is  one  of  the  few  poisons  for  which  there  is  a  perfect  antidote.  Treatment 
i.e.  soluble  sulphates,  e.g.  magnesium  and  sodium  sulphates.  The  -dntidote 
stomach  should  be  washed  out  with  a  solution  of  one  of  these  salts  and 
a  considerable  quantity  of  the  salt  left  in  the  stomach. 

Morphine  and  the  general  treatment  of  shock  will  be  necessary,  and 
the  condition  of  the  heart,  in  view  of  the  specific  action  of  barium 
on  this  organ,  requires  careful  watching.  Should  the  vomiting  and 
diarrhoea  have  been  excessive,  subcutaneous  saline  to  replace  fluid  will 
be  indicated. 

(4) — Lead 

See  Lead  Poisoning,  Vol.  VII,  p.  658. 

(5)  — ^Mercury 

1522.]  Numerous  salts  of  this  metal  are  used  in  medicine  for  various  Industrial 
purposes  and  increasingly  in  horticulture  as  insecticides  and  seed  dress- 
ings,  in  the  paint  and  varnish  industry,  in  fur  dressing,  and  in  wood 
preserving,  and  the  metal  itself  in  many  scientific  instruments. 

The  metal  is  a  poison.  It  has  produced  fatal  results  after  being  taken  The  metal 
by  the  mouth  and  after  inunction,  but  perhaps  most  dangerous  of  all 
is  the  breathing  of  fumes  of  heated  mercury.  The  globules,  being  very 
finely  divided,  are  rapidly  absorbed  and  produce  serious  illness.  The  Salts 
salts  of  mercury  vary  considerably  in  their  solubility  in  water,  but  every 
salt  of  mercury,  except  perhaps  mercurous  chloride  (calomel),  must  be 
regarded  as  a  potential  poison  owing  to  chemical  change  that  may  take 
place  in  the  intestines. 
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(d)  Acute  Poisoning 

Although  fatal  results  have  been  recorded  with  almost  every  salt  of 
mercury,  it  is  expedient  here  to  give  only  one  or  two  examples  ol  fatal 
doses.  Roughly  speaking,  the  less  soluble  the  salt  in  water  the  greater 
the  amount  necessary  to  cause  death.  Thus  death  has  resulted  Iioni  5^ 
grains  of  mercuric  chloride  and  of  the  basic  sulphate,  whereas  a  dose  ot 
35  grains  of  aninioniated  mercury  has  been  recorded  as  fiital. 

Death  may  occur  in  the  acute  stage,  i.e.  within  the  first  day  or  two, 
or  may  occur  at  a  later  stage,  generally  in  the  second  week,  from  the 
effects  of  the  poison  on  the  kidneys, 

The  post-mortem  appearances  in  a  case  of  poisoning  by  ^^mereuric 
chloride  vary  with  the  mode  of  administration  and  the  time  of  siirvival. 
When  the  poison  has  been  taken  by  the  mouth  and  deatli  has  ensued 
early,  the  tongue  and  lips  are  swollen  and  the  mucosa  of  tlic  mouth  is 
coagulated  and  white.  Similar  changes  are  found  in  the  pharynx  and 
oesophagus.  In  places,  e.g,  the  taiiccs  and  the  lower  end  of  the  oeso¬ 
phagus,  the  necrosed  surface  may  be  broken  up  and  shreddy.  In  some 
cases  there  may  be  great  oedema  of  the  loose  tissues  ol  the  vallcculac 
and  the  laryngeal  vestibule  which  may  be  latal  Irom  asphyxia.  I  ho 
gastric  mucosa  is  corrugated  and  may  show  inllamniatory  or  petechial 
reddening.  This  is  obscured,  however,  by  the  fixation  necrosis  ot  the 
surface,  so  that  the  colour  is  usually  a  greyish  violet,  lixccptionally  a 
black  haemorrhagic  condition  has  been  described.  Pcrlbnition  is  very 
uncommon  but  may  result  from  the  continued  contact  in  one  place 
of  the  poison  in  solid  form.  Similar  changes  may  extend  loravShort  dis¬ 
tance  into  the  duodenum,  and  all  cases  will  show  inllammalory  changes 
throughout  the  small  intestine. 

When  survival  has  been  longer,  the  initial  corrosive  cnccts  have 
generally  been  less  intense.  In  the  stomach  they  may  actually  bo  healing, 
but  in  the  mouth,  especially  on  the  gums,  they  have  generally  gone  on 
to  ulceration.  Septic  lymphangitis  and  parotitis  may  be  present. 

The  large  intestine  usually  shows  characteristic  changes  which  resemble 
bacillary  dysentery.  In  rapidly  fatal  cases  there  may  be  only  some  acute 
inflammation.  Quickly,  however,  this  is  increased,  and  diphtheroid 
necroses  appear  and  ulcerate.  In  Ihc  origin  and  distribution  of  t  hose 
lesions  infective  and  mechanical  factors  appear  to  play  a  part,  dliey 
often  occur  on  the  crests  of  the  transverse  folds  or  in  relation  to  the 
longitudinal  muscular  bands.  7'he  condition  increases  towards  the 
rectum  and  is  generally  maximal  in  the  sigmoid,  where  the  ulceration 
may  be  confluent.  In  severe  cases  even  the  lower  ileum  may  be  involved. 
In  the  kidney  severe  changes  are  almost  invariable.  They  may  be  very 
marked  even  when  death  has  taken  place  early,  their  intensity  depending 
mainly  on  the  amoiuit  of  poison  absorbed.  In  early  cases  the  organ 
is  swollen  and  the  cortex  pale.  Tubular  degeneration  is  present  and 
possibly  glomerular  necrosis  and  inflammation.  The  first  convoluted 
tubule  and  ascending  loop  of  Mcnle  may  show  various  changes  from 
severe  cloudy  swelling  to  complete  necrosis.  Casts  arc  numerous,  mainly 
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granular.  In  late  cases  calcification  of  necrosed  epithelial  cells  and 
debris  may  be  a  conspicuous  feature,  and  the  organ  may  grit  on  the 
knife. 

When  the  poison  has  been  introduced  by  any  other  route,  e.g.  intra¬ 
venous,  the  pathological  changes  in  the  kidneys  and  colon  are  similar. 

The  stomach  is  unaffected.  In  the  mouth,  however,  ulceration  is  usually 
present,  its  appearance  seeming  to  depend  on  the  previous  presence  of 
oral  sepsis.  When  death  has  followed  the  introduction  of  the  poison 
into  the  vagina,  there  are  local  corrosion  and  sometimes  perforation  or 
peritonitis. 

The  acuteness  of  the  symptoms  varies  with  the  salt  taken,  those  Symptoms 
readily  soluble  producing  much  more  acute  effects  than  those  less 
soluble.  One  of  the  commonest  mercurial  salts  met  with  in  poisoning 
and  one  which  is  readily  soluble  in  water  is  mercuric  chloride,  which 
may  be  taken  as  a  typical  salt  for  purposes  of  description.  An  acrid 
taste  is  accompanied  by  a  sense  of  constriction  of  the  throat.  A  burning  Acute  stage 
sensation  is  felt  from  the  mouth  to  the  stomach,  followed  rapidly  by 
such  acute  pain  over  the  whole  of  the  abdomen  that  the  patient  cries 
out  in  agony.  Nausea,  retching,  and  vomiting  soon  occur,  the  vomit 
generally  containing  blood  and  greyish-white  fragments  of  coagulated 
mucous  membrane  from  the  gullet  and  stomach.  A  white  coating  is 
noticed  in  the  mouth  on  the  tongue  and  throat,  and  inflammation  may 
involve  the  glottis  or  the  air-passages,  hindering  respiration.  Later  there 
is  diarrhoea  with  watery  stools  containing  fragments  of  coagulated 
mucous  membrane  and  blood.  From  the  first  the  patient  is  in  a  state  of 
severe  shock,  with  subnormal  temperature,  rapid,  irregular,  and  feeble 
pulse,  and  a  cold  clammy  skin,  and  death  may  occur  in  the  early  stages 
from  collapse,  with  unconsciousness  or  with  convulsions.  Death  in  the 
acute  stage  may  occur  in  an  hour  or  two  or  within  the  first  two  days, 
but  if  this  stage  is  reached  the  acute  symptoms  will  generally  be  recovered 
from.  The  urine  is  generally  scanty  or  suppressed,  and  any  voided  will 
contain  albumin,  casts,  and  probably  blood.  Salivation  is  often  pro¬ 
minent  after  the  first  few  hours. 

If  the  acute  stage  is  safely  survived,  various  complications  may  set  in  Later  stage 
and  may  prove  fatal,  (i)  An  acute  stomatitis  may  occur  with  ulcera-  stomatitis 
tion,  continuing  salivation,  spongy  and  bleeding  gums,  and  looseness 
of  the  teeth.  Gangrene  has  been  recorded,  (ii)  The  urine,  which  may  Uraemia 
or  may  not  have  been  scanty  in  the  acute  stage,  should  be  carefully 
measured.  As  a  result  of  the  direct  action  of  the  poison  on  the  kidneys 
the  urinary  output  may  steadily  diminish  until  generally  in  the  second 
week  suppression  occurs.  The  approach  of  the  uraemic  state  is  shown 
by  the  blood-urea,  which  shortly  before  the  suppression  of  urine  occurs 
may  amount  to  500  to  600  mgm.  per  100  c.c.  Unless  the  kidneys  can 
be  made  to  function  again,  the  condition  is  fatal  in  a  day  or  two.  (iii) 

The  damage  to  the  intestinal  tract  with  sloughing  of  mucous  membrane  intestinal 
may  leave  a  condition  of  ulceration  of  the  intestines,  particularly  of  the 
large  intestine,  which  will  result  in  an  ulcerative  colitis.  This  condition, 
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associated  with  pain  and  the  passage  of  blood  and  mucus,  is  not  usually 
fatal  but  is  very  intractable,  and  many  months  may  elapse  before  a 

cure  is  effected.  , 

Treatment  The  stomach  must  be  at  once  washed  out  with  copious  quantities  of 
water  contai;nin,g  egg-white  or  milk,  preferably  the  former,  and  at  the 
conclusion  of  the  process  a  quantity  of  the  egg-white  should  be  left 
in  the  stomach.  The  process  should  be  repeated  alter  an  interval  ot  a 
few  hours  and  possibly  a  third  time.  It  is  also  recommended  that 
sodium  phosphite  or  sodium  hypophosphite  be  employed  in  doses  of 
about  10  grains  every  eight  hours  for  two  to  three  days,  but  we 
'have  no  experience  of  the  treatment.  It  an  acid  salt,  such  as  the 
acid  nitrate,  has  been  taken  some  alkali  other  than  carbonates  or 
bicarbonates  must  be  given  in  addition.  Morphine  will  be  required 
for  the  pain  and  general  treatment  for  the  collapse  iind  shock.  As  soon 
as  the  acute  symptoms  have  subsided,  a  cureful  watch  must  be  kept 
on  the  renal  function.  The  twenty-four  hours'  output  must  be  caref  ully 
measured  so  that  the  possible  onset  of  anuria  may  be  anticipated.  The 
urine  should  be  tested  and  the  urea  content  of  the  blood  measured 
frequently  so  that  the  renal  function  may  be  gauged.  In  those  cases 
in  which  the  kidneys  are  seriously  damaged  one  of  two  pictures  may 
occur,  (i)  The  output  of  urine  continuously  decreases  with  a  rise 
in  the  blood-urea  until  the  onset  of  anuria  appears  imminent,  'rhen 
the  output  of  urine  increases  and  in  the  course  ol'  a,  lew  weeks  the 
kidney  fonction  appears  to  bo  normal  again  mid  it  will  be  conjectural 
as  to  what  permanent  damage,  if  any,  has  resulted,  (ii)  A  state  ol  anuria 
will  occur.  This  calls  for  energetic  and  active  treat  ment,  and  undoubtedly 
surgical  interference  is  the  only  likely  treatment  that  will  hold  out  hope 
of  saving  life,  and  then  only  if  it  is  not  left  too  late.  'The  operation 
consists  of  cutting  down  to,  and  incising  the  capsules  of,  both  kidneys. 
The  great  difliculty  is  to  decide  when  this  should  be  done,  if  left  loo 
late  the  attending  shock  may  prewo  fatal  and  if  performed  too  early 
the  physician  may  feel  that  perhaps,  without  interference,  the  kidneys 
might  have  commenced  to  secrete  again.  Perhaps  the  blood-urea  values 
and  those  for  the  alkali  reserve  may  assist  in  this  direction.  Vor  the 
rest,  the  stomatitis  and  colitis  should  be  treated  on  general  lines 
appropriate  to  these  conditions. 

(b)  Chronic  Poisoning 
Seep.  138. 

(6)— Phosphorus 

1523,]  Phosphorus  occurs  in  two  forms:  yellow  and  red.  Yellow  phos¬ 
phorus  is  rapidly  oxidized  in  the  air  and  must  be  kept  under  water, 
whereas  red  phosphorus,  which  is  prepared  by  heating  the  yellow  variety 
to  200®  C.  in  the  absence  of  air,  is  stable.  Red  phosphorus  has  no 
poisonous  properties,  owing  to  its  insolubility  in  water  and  in  the  body 
fluids. 
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Poisoning  by  yellow  phosphorus  has  become  very  much  less  common,  Yellow 
because  the  commonest  source  of  the  poison,  i.e.  matches  containing  phosphorus 
yellow  phosphorus,  is  no  longer  purchasable.  Practically  the  only 
source  of  yellow  phosphorus  available  to  the  public  is  certain  rat 
poisons,  e.g.  rodine,  which  contains  the  phosphorus  in  an  oily  sus¬ 
pension,  thus  preventing  oxidation,  so  that  it  will  keep  for  a  considerable 
time.  Rat  poisons  containing  phosphorus  can  usually  be  recognized 
immediately  by  the  characteristic  odour  of  the  element. 

(a)  Acute  Poisoning 

It  is  difficult  to  estimate  the  average  quantity  which  should  be  regarded  Fatal  dose 
as  fatal,  because  many  of  the  reported  cases  of  fatal  poisoning  occurred 
after  eating  a  number  of  match  heads  or  swallowing  a  quantity  of  rat 
poison.  Since  the  amount  of  phosphorus  in  the  article  concerned  is  not 
accurately  known,  the  dose  taken  cannot  be  fixed.  Further,  a  fine 
suspension  of  phosphorus  or  a  solution  in  oil  is  far  more  active  than 
coarse  particles,  but  much  of  it  may  become  oxidized  to  phosphoric 
acid  before  absorption.  About  2  grains,  however,  is  usually  regarded 
as  a  lethal  dose. 

The  clinical  picture  is  divided  into  two  periods  with  an  interval  of  Fatal  period 
remission  of  symptoms.  Thus  death  may  occur  in  8  to  24  hours  in  the 
first  stage  or  in  2  to  14  days  in  the  second  stage,  with  an  average  time  of 
about  6  days. 

The  appearances  at  necropsy  vary  according  to  the  time  of  survival.  Morbid 
which  depends  on  the  dose  of  poison  taken  and  the  amount  absorbed. 

When  death  occurs  in  the  first  stage,  generally  within  twenty-four  Death  in 
hours,  there  is  considerable  gastro-intestinal  inflammation;  the  oeso- 
phagus,  stomach,  duodenum,  and  a  variable  length  of  the  small 
intestine  show  inflammatory  reddening  and  usually  some  petechial 
speckling.  The  changes  are  most  severe  in  the  stomach,  which  may  show 
superficial  ulceration  and  contain  the  poison,  so  that  when  it  is  opened 
it  may  be  luminous  if  examined  in  the  dark.  An  odour  of  garlic  may 
also  be  noticed,  and  in  severe  cases  the  odour  may  be  detected  in  the 
organs  generally.  Death  is  due  to  shock,  and  the  right  heart  is  collapsed. 

Death  in  the  second  stage  occurs  from  acute  necrosis  (yellow  atrophy)  Death  in 
of  the  liver,  and  the  gastro-intestinal  inflammation  is  slight  or  absent,  ^ocond  stage 
The  body  is  intensely  jaundiced,  and  patches  of  purpuric  haemorrhage 
may  be  evident  in  mucous  and  serous  membranes  and  in  the  skin. 

The  morbid  changes  are  described  elsewhere  (see  Liver  Diseases,  Vol. 

VIII,  p.  106).  Intense  fatty  degeneration  is  evident  in  the  heart,  liver, 
kidneys,  skeletal  muscles,  and  mucous  membranes.  It  is  suggested  that 
the  haemorrhages  result  from  damage  to  the  blood-vessels  from  fatty 
change.  The  heart  is  flabby  and  diffusely  pale,  and  fatty  change  is  Heart 
evident  microscopically  as  a  fine  fatty  vacuolation.  The  kidneys  are  Kidneys 
pale,  and  the  cortex  is  swollen.  Fatty  degeneration  is  manifest  in  the 
cells  of  the  first  convoluted  tubules  and  the  ascending  loops  of  Henle. 

Fatty  casts  may  be  seen  in  the  collecting  tubules  and  in  the  urine.  The 
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Liver  fatty  degeneration  of  the  liver  is  usually  associated  with  a  considerable 

increase  in  size  when  death  occurs  within  a  few  days  of  the  onset  of 
jaundice.  When  death  is  delayed  longer,  the  liver  shows  much  reduction 
in  size  and  great  bile-duct  proliferation.  Death  in  these  cases  occurs 
in  cholaemic  coma,  and  the  brain  shows  slight  oedema.  (See  also 
Jaundice,  Vol.  VII,  p.  267.) 

Symptoms  Owing  to  the  slow  rate  of  absorption  of  the  poison,  usually  2  to  8 
hours  elapse  between  taking  the  poison  and  the  onset  of  symptoms,  and 

First  stage  indeed  the  symptoms  associated  with  the  first  stage  of  poisoning  may 
be  entirely  absent.  As  a  rule  they  are  definite  and  severe  but  only  rarely 
fatal.  At  the  time  the  poison  is  taken  a  definite  taste  is  noticed,  with  a 
sense  of  warmth  in  the  mouth  and  throat.  After  a  variable  time  there 
follow  nausea,  vomiting,  a  burning  abdominal  pain,  thirst,  headache, 
subnormal  temperature,  and  a  feeble  pulse.  Later  there  may  be  purging, 
butthisis  not  constant.  The  abdomen  becomesdi.stended,and  thepatient 
is  restless  and  exhausted.  The  vomit,  which  may  contain  blood,  is  sonie- 
times  luminous  when  examined  in  the  dark.  Delirium  and  convulsions 
often  precede  death.  This,  however,  is  not  the  u.sual  result  at  this  stage, 
and  generally  after  twenty-four  hours  the  patient  apiicars  to  be  approach¬ 
ing  convalescence.  This  period  of  apparent  convalescence  may  last  as 
long  as  six  days  and  is  then  followed  by  the  .second  stage. 

Second  stage  The  first  symptoms  of  the  second  stage  are  jaundice,  epigastric  pain, 
vomiting,  looseness  of  the  bowels  with  the  motions  often  containing 
blood,  and  abdominal  distension.  On  examination  the  liver  is  enlarged 
and  tender.  There  is  a  pronounced  tendency  to  haemorrhage,  with 
bleeding  from  the  nose  and  vagina  and  theformation  ofpurpuric  spots. 
The  urine  is  scanty  and  contains  bile  and  often  albumin  and  hloocl. 
Microscopically,  casts  are  commonly  scon  and,  it  is  alleged,  cryslals  of 
leucine  and  tyrosine.  Urea  is  diminished  and  ammonia  increased.  'I’hc 
van  den  Bergh  reaction  is  biphasic.  F’ever  may  be  present  at  first  but  is 
variable.  The  pulse  at  firstis  normal  but  of  rather  low  tension  and  latcr 
becomes  rapid,  feeble,  and  irregular.  The  cases  are  nearly  always  fatal, 
death  taking  place  in  2  to  12  days,  with  an  average  of  about  six  days. 
In  the  recorded  cases  the  descriptions  of  the  size  of  the  liver  vary;  in 
some  cases  the  liver  was  enlarged  and  in  others  small.  The  liver  is  prob¬ 
ably  always  enlarged  at  first,  and,  should  the  patient  die  in  a  short 
time,  an  enlargement  will  be  found  at  necropsy.  On  the  other  hand, 
if  the  patient  lives  for  a  week  to  ten  days,  the  liver  will  be  small.  It  is 
stated  that  in  the  late  stages  of  some  cases  of  phosphorus  poisoning 
severe  nervous  symptoms  occur,  e.g.  violent  delirium,  convulsions,  and 
paralyses.  These  are  probably  associated  with  haemorrhage  in  the 
brain  or  the  spinal  cord. 

If  the  patient  is  seen  when  some  of  the  poison  is  probably  still  in 
the  stomach  and  intestine,  i.e,  within  the  first  thirty-six  hours,  active 
measures  should  be  taken  to  remove  the  poison  as  rapidly  as  possible. 
Gastric  lavage  with  large  quantities  of  potassium  permanganate  solu¬ 
tion,  1  in  500,  should  he  performed,  followed  by  a  similar  lavage  a  few 
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hours  later.  Active  purgation  should  be  carried  out,  oily  purgatives 
being  avoided,  and  at  the  same  time  a  high  colonic  wash-out  should  be 
given.  If  the  stomach  pump  is  not  available  in  an  emergency,  emetic 
doses  of  10  to  15  grains  of  copper  sulphate  may  be  used.  Failing  the 
availability  of  potassium  permanganate,  other  oxidizing  agents  may  be 
used,  e.g.  solution  of  hydrogen  peroxide  1  to  3  per  cent.  When  this  has 
been  done,  the  administration  of  unrectified  French  turpentine  in  doses 
of  30  minims  is  recommended,  but  this  is  rarely  available.  During  the 
next  few  days  oil  and  fat  must  be  rigidly  excluded  from  the  diet.  When 
jaundice  has  begun,  there  is  but  little  to  be  done,  the  treatment  being 
largely  symptomatic. 

(b)  Chronic  Poisoning 

This  condition  is  now  only  of  historical  interest;  formerly  it  was  fairly 
common  among  workers  with  yellow  phosphorus,  particularly  in  match 
factories.  The  poisonous  fumes  gained  entrance  to  the  system  through 
the  lungs,  causing  chronic  inflammation  of  the  gums  and  later  necrosis 
of  the  jaw  if  previous  pyorrhoea  or  caries  was  present.  It  affected 
both  lower  and  upper  jaws.  Death  was  due  to  exhaustion  from  chronic 
sepsis,  or  sometimes,  when  the  upper  jaw  was  affected,  to  a  spread  of 
the  infection  to  the  brain. 

(7)— Thallium 

1524].  The  salts  of  thallium  are  only  met  with  occasionally:  in  the  pre-  Industrial 
paration  of  certain  grades  of  optical  glass,  the  production  of  tungsten 
lamps,  as  a  rat  poison,  and  occasionally  in  medicine  to  epilate  hair.  The 
rat  poison  zelio-corn  and  zelio-pastes  containing  2T  per  cent  and  2-8 
per  cent  of  thallium  salts  respectively  are  fairly  extensively  used. 

In  medicine  thallium  acetate  is  used  in  doses  of  8  mgm.  per  kilogram  Medicinal 
of  body  weight  in  children  under  the  age  of  10  years  for  epilation  of 
the  hairs  in  ringworm.  This  method  of  treatment  is  not  without  danger 
and,  owing  to  the  selective  action  of  thallium  on  nervous  tissue  and 
its  slow  excretion  rate,  it  has  wisely  been  almost  abandoned  in  the 
treatment  of  ringworm. 

(a)  Acute  Poisoning 

In  doses  of  8  to  9  mgm.  per  kilo  of  body  weight  severe  symptoms  have  Fatal  dose 
been  known  to  occur,  and  it  is  probable  that  quantities  only  slightly  in 
excess  of  this  amount  would  be  likely  to  prove  fatal  (Roche  Lynch  and 
Scovell). 

In  three  cases  of  mine  in  which  by  mistake  ten  times  the  normal  Fatal  period 
epilating  doses  had  been  given,  two  patients  died  in  rather  less  than 
thirty  hours,  and  the  third  died  in  about  sixty  hours,  but  in  other  cases 
death  has  been  delayed  for  several  days. 

Unless  the  patient  has  lived  some  time,  a  mild  degree  of  gastro-  Morbid 
intestinal  irritation  with  petechial  submucous  haemorrhage  is  present, 
and  the  organs  generally  show  much  parenchymatous  degeneration. 

The  heart  shows  much  fatty  degeneration,  often  of  the  ‘tabby  cat’ 
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distribution.  The  liver  may  be  congested,  with  fatty  degeneration  most 
marked  in  the  centre  of  the  lobule.  The  kidneys  arc  congested,  and  there 
is  perhaps  some  fatty  change. 

Symptoms  There  appear  to  be  two  groups:  (i)  a  mild  form  of  intestinal  disturb¬ 
ance,  sore  throat,  cough,  pain  in  the  stomach,  sometimes  vomiting, 
and  constipation  rather  than  diarrhoea;  the  symptoms  may  not  appear 
for  some  hours;  and  (ii)  nervous  symptoms,  drowsiness,  headache, 
articular  pains,  and  sometimes  efl'usion  into  the  joints,  'flic  cranial 
nerves  may  be  affected  with  varying  symploms.  Ltiter  chorci  Ibrnn  move¬ 
ments,  peripheral  neuritis,  and  blindness  from  optic  atrophy  may 
occur.  Albuminuria  is  also  described.  Death  often  takes  place,  generally 
from  heart  failure.  If  the  patient  survives  long  enough,  epilation  will 
occur. 

Treatment  The  stomach  should  be  washed  out  with  alkaline  lolions  and  sodium 
thiosulphate  solution,  and  purgation  and  (lie  intravenous  injection  of 
sodium  thiosulphate  arc  recommended.  Otlieiwi.se  treatment  should 
be  directed  to  particular  symptoms  as  (hey  .arise.  The  heart  sliould  be 
watched,  and  stimulants  will  probably  be  necessary. 

(b)  Chronic  Poisoning 

In  Germany  several  cases  of  chronic  poisoning  have  been  reported. 
Fatigue,  loss  of  appetite,  pains  in  tlic  knees,  epilation,  loss  of  sight, 
eosinophilia,  and  lymphocytosis  have  been  recorded. 


8.-POISONOUS  FUNGI 

1525.]  Most  species  of  fungi  arc  non-poisomnis,  but  I  he  distinction  in 
some  cases  between  poisonous  and  non-poisonous  species  is  so  dillicult 
that,  unless  expert  knowledge  is  available,  they  sluuikl  be  avoided,  and 
only  the  common  field  mushroom,  Agariais  {Psallista)  campvstris, 
should  be  eaten. 

Certain  species  can  he  eaten  with  impunity  by  some  persons  but 
not  by  others.  Some  species  are  apparently  poisonous  when  fresh  hut 
on  keeping  lose  this  property.  Some  poi,sonous  species  become  non- 
poisonous  after  thorough  washing  and  cooking  in  water,  due  no  doubt 
to  the  removal  of  the  water-soluble  (o.xic  agent,  'fhesc  facts  account 
for  some  of  the  apparently  paradoxical  slatcinenls  made  regarding  the 
toxicity  of  these  fungi. 

Poisonous  fungi  may  be  classified  in  the  following  groups;  (i)  nervous 
and  severe  irritant;  (ii)  severe  irritant;  (iii)  irritant;  (iv)  haemolytic. 

(0  Nervous  and  severe  irritani.  Among  the  fungi  capable  of  producing 
the  symptoms  described  below  arc  Amunita  niii.srariu  (ily  agaric). 
Amanita pantherina  (warted  agaric),  and  species  oiClitocybe  and  Inocyhc. 
The  active  principle  of  the  first  two  species  is  imiscarinc,  but,  although 
active  principles  which,  resemble  muscarine  have  been  isolated  from  the 
two  latter  species,  it  is  doubtful  if  they  are  identical.  It  is  also  probable 
that  these  fungi  contain  other  poisonous  ingredients. 
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No  figure  can  be  given  of  the  fatal  quantity,  and  death,  which  is 
unusual,  occurs  in  1  to  2  days. 

According  to  Roch  the  mortality  is  less  than  2-5  per  cent,  so  that  but  Morbid 
few  cases  are  seen  at  necropsy.  The  post-mortem  findings  are  gastro- 
intestinal  irritation  with  haemorrhage  into  the  gut  due  to  small  ulcers. 

The  heart  is  generally  dilated. 

In  1  to  3  hours  after  eating  the  fungus  the  patient  is  stricken  with  Symptoms 
malaise  followed  by  nausea,  retching,  and  vomiting  with  great  saliva¬ 
tion,  followed  soon  by  profuse  diarrhoea  with  watery  choleraic  stools. 

The  temperature  is  normal,  the  pulse  slow  and  irregular,  and  respiration 
accelerated  with  perhaps  dyspnoea.  The  urine  is  scanty.  The  pupils  are 
contracted.  Soon  there  appears  a  peculiar  delirium,  described  by  the 
French  as  folie  muscarinique,  in  which  the  patient  is  excited,  cries  out, 
gesticulates,  becomes  very  violent,  and  has  to  be  restrained.  In  about 
twelve  hours  this  condition  passes  olf  and  he  becomes  calm,  the  gastro¬ 
intestinal  condition  subsides,  and  the  patient  passes  into  a  condition  of 
stupor,  from  which  he  awakes  a  few  hours  later  and  is  convalescent  in 
a  few  days.  Death  is  unusual  and  may  occur  from  exhaustion  and  from 
paralysis  of  respiration. 

After  gastric  lavage  and  the  administration  of  castor  oil,  the  use  of  Treatment 
belladonna  is  advised,  but,  if  the  patient  is  very  violent,  morphine  or  a 
barbiturate  is  advised  instead.  If  there  are  signs  of  collapse,  stimulants 
will  be  required.  In  those  cases  in  which  the  gastro-intestinal  symptoms 
are  severe  saline  should  be  administered  to  replace  loss  of  body  fluid, 
to  promote  elimination,  and  to  restore  renal  function. 

{ii)  Severe  irritant.  Among  the  fungi  which  may  be  classified  in  this 
group  are  Amanita  phalloides  (death  cap,  white  or  deadly  amanita), 

Amanita  verna.  Amanita  citrina,  the  genus  Volvaria,  Pholiota  autumnalis^ 
and  Hygrophorus  conicus. 

Apart  from  the  fact  that  there  appears  to  be  evidence  that  the  toxic 
agent  is  not  alkaloidal,  there  is  not  any  satisfactory  evidence  to  indicate 
the  nature  of  the  active  principle.  No  indication  can  be  given  of  the 
fatal  quantity;  but  consumption  of  such  fungi  in  relatively  small 
quantities  causes  most  severe  symptoms  and  even  death.  Langeron 
stated  that  illness  from  these  fungi  was  characterized  by  a  relatively  Fatal  period 
long  incubation-period  of  10  to  12  hours,  that  the  duration  of  the 
malady  was  3  to  6  days,  and  that  death  generally  occurred  in  3  to 
10  days. 

Severe  gastro-enteritis  is  present,  with  haemorrhage  into  the  intestinal  Morbid 
wall  and  swelling  of  the  lymphatic  tissue.  There  is  intense  fatty  degenera- 
tion  of  the  liver,  even  to  the  extent  that  is  seen  in  phosphorus  poisoning. 

Fatty  degeneration  of  the  other  organs,  including  heart,  kidneys,  and 
muscles,  has  been  described.  The  kidneys  also  are  stated  to  show  a 
glomerulo-nephritis. 

The  illness  begins  with  malaise,  colicky  abdominal  pain,  vomiting,  Symptoms 
and  diarrhoea,  which  are  violent  and  continuous.  The  vomit  and  the 
motions  contain  blood  and  mucus.  There  is  great  thirst.  The  patient  is 
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collapsed  and  dehydrated,  the  picture  resembling  that  of  cholera. 
The  urine  iwS  scanty.  In  the  less  serious  cases  the  condition  gnidiially 
iraproYes,  but  convalescence  is  slow. 

In  the  more  serious  cases  the  condition  alternates  with  short  remissions 
followed  by  exacerbations.  There  are  signs  of  failing  hear!,  cyanosis  of 
the  extremities,  and  severe  cramps,  particularly  in  the  calves.  Oflcn  at 
the  end  of  36  to  48  lioiirs  there  is  a  remission,  I  he  patient,  becoming 
somnolent,  but  this  commonly  ends  in  death  from  heart  failure,  or 
about  the  fifth  day  jaundice  appears.  1'hc  liver  is  enlarged  and  tender. 
Sugar  in  the  urine  has  been  recorded  with  diniiniitioa  of  the  urea 
content  and  a  corresponding  rise  in  the  ammonia,  content,  l^urpuric 
eruptions  are  seen*  Thus  there  occurs  a  condition  of  acute  yellow 
atrophy,  the  patient  generally  dying  in  3  to  5  days  probably  before 
there  has  been  time  for  the  liver  to  shrink.  Gonsciousness  is  retained 
till  the  end,  thus  distinguishing  the  phalloidian  syudronic  from  that 
due  to  muscarine. 

The  stomach  should  be  washed  out,  and  copious  drinks  of  water 
contaiiiing  an  activated  charcoal  should  be  given.  Gopioiis  quanlitios 
of  glucose-saline  together  with  cardiac  stimulants  should  be  injected 
intravenoUvSly.  Limousin  suggested  that  the  patient  should  bo  given  the 
brains  and  stomachs  of  rabbits  to  cat  raw,  this  suggestion  being  based 
on  the  natural  immunity  of  rabbits  to  tlicsc  fungi  and  on  the  tact  tliat 
a  neurotoxin  and  an  cntcrotoxin  are  cxmcerncd.  lie  claimed  success 
with  this  treatment  in  several  cases,  hut  complete  gastric  intolerance 
may  render  it  useless  (,Le  Calve). 

(in)  Irritant.  In  this  group  may  be  placed  Rns.suld  cttniica,  l.epiofa 
helveola  and  other  species.  Boletus  sataiiux  and  other  species  of  Boletus, 
Lacterius  torminosus,  and  Bjitolonia  livichnn,  I\)ssibly  some  of  these,  il* 
properly  cooked,  arc  not  poisonous;  symptoms  in  these  cases  therefore 
may  be  due  to  lack  of  precautions. 

Poisoning  by  members  of  this  group  is  rarely  fatal,  and  no  details  arc 
available  about  the  fatal  close. 

As  fatal  cases  arc  rare,  I  death  in  1 18  consecutive  cases,  the  signs  at 
necropsy  are  not  well  known.  No  doubt  a  gastro-cnterilis  will  be  Ibund. 
Symptoms  come  on  rapidly,  generally  in  llirce  hours.  Malaise,  nausea, 
vomiting,  and  diarrhoea  arc  all  present.  Tliesc  abate  in  about  twenty- 
four  hours,  and  the  patient  recovers, 

Gastric  lavage  and  the  administration  of  charcoal  and  of  castor  oil 
are  probably  all  that  is  required.  If  necessary,  saline  may  be  given  and 
heart  tonics,  but  the  latter  circ  not  usually  required. 

(fv)  Haemolytic.  In  this  group  may  be  placed  Hchvlla  esrulenfa  and 
Morchella  esculenta.  The  former  belongs  to  the  group  that  is  stated  to 
be  edible  if  properly  cooked  and  also  if  placed  on  tlie  market  in  dried 
form.  The  German  Board  of  Mcalth  have  called  attention  to  these 
precautions  in  a  memorandum  in  1930. 

The  toxic  agent  is  helvellic  acid,  a  volatile  acid  with  powerful  haemo¬ 
lytic  properties.  No  doubt  it  is  this  volatility  which  renders  the  fungus 
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non-poisonous  after  boiling  or  drying,  and  it  would  seem  desirable  to 
use  vinegar  in  the  cooking  process  to  aid  its  expulsion.  There  may  be 
other  toxic  agents  in  the  fungus.  It  is  not  possible  to  state  a  fatal  dose. 

From  the  few  fatal  cases'  recorded  it  would  appear  that  death  takes 
place  in  about  nine  days. 

The  usual  changes  are  those  of  acute  necrosis  (yellow  atrophy)  of  the  Morbid 
liver,  with  haemorrhages  and  nephritis.  anatomy 

Symptoms  apparently  begin  in  5  to  7  hours.  In  most  cases  the  symptoms  Symptoms 
are  gastro-intestinal,  with  vomiting  and  violent  pain  in  the  abdomen. 
Diarrhoea  does  not  usually  occur.  Sometimes  there  is  slight  icterus  with 
some  enlargement  of  liver  and  spleen.  The  condition  soon  clears  up.  In 
a  few  cases  the  jaundice  is  severe,  and  the  patient  becomes  wildly 
delirious  and  eventually  passes  into  coma  with  the  signs  of  acute  yellow 
atrophy  of  the  liver.  Haemoglobinuria  has  been  recorded,  and  it  is 
suggested  that  the  symptoms  are  mainly  referable  to  the  haemolytic 
effect  of  the  toxic  helvellic  acid.  Albuminuria  and  a  tubulo-nephritis 
have  also  been  described. 

Treatment  consists  in  gastric  lavage  and  the  administration  of  charcoal  Treatment 
and  a  purgative.  Injections  of  glucose-saline  may  be  given  if  the  condition 
warrants  it.  When  acute  necrosis  of  the  liver  sets  in,  the  treatment  is 
symptomatic. 


9.-ABORTIFACIENTS 

1526.]  These  drugs  are  commonly  divided  into  emmenagogues  and  Emmena- 
ecbolics.  Apart  from  the  fact  that  in  the  courts  occasionally  an  attempt  ^^/ecboUcs 
is  made  by  Counsel  to  persuade  a  medical  witness  to  agree  that  the  drug 
belongs  to  the  former  class,  in  the  hope  perhaps  that  a  less  serious 
view  be  taken,  there  seems  to  be  but  little  advantage  in  this  distinction, 
and,  further,  it  is  in  the  case  of  some  drugs  difficult  to  know  into  which 
group  to  place  them.  It  is  well  known  that  some  experienced  women,  as 
soon  as  a  period  is  missed,  immediately  take  a  quantity  of  some  essential 
oil,  such  as  pennyroyal,  generally  in  gin,  together  with  some  fairly 
vigorous  purgative.  Such  a  dose  sometimes  produces  the  desired  effect, 
i.e.  onset  of  menstruation.  Since  it  is  impossible  to  decide  whether  the 
case  was  one  of  delayed  menstruation  or  of  cessation  due  to  an  early 
pregnancy,  it  is  equally  impossible  to  decide  whether  the  drug  is  an 
emmenagogue  or  an  ecbolic. 

The  most  convenient  classification  is  as  follows:  (i)  dangerous  poisons;  Classification 
(ii)  purgatives;  (iii)  essential  oils;  (iv)  other  vegetable  drugs;  (v)  drugs 
the  pharmacological  action  of  which  is  known  to  be  on  the  uterus. 

(i)  Among  the  dangerous  poisons  used  for  this  purpose  are  arsenic,  Dangerous 
mercury,  antimony,  phosphorus,  and  even  cyanide.  These  drugs  may 
be  dismissed  at  once;  they  have  no  true  abortifacient  action,  and  the 
occurrence  of  an  abortion  can  only  be  regarded  as  an  ordinary  complica¬ 
tion  of  a  serious  illness.  In  fact  cases  are  on  record  in  which  death  has 
taken  place  from  such  poisons  without  an  abortion  occurring. 
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In  this  group  the  only  true  abortifacient  drug  is  lead  and,  successful 
as  it  undoubtedly  is,  it  is  so  only  at  the  expense  of  the  health  and  often 
of  the  life  of  the  taker.  The  frequent  occurrence  of  abortion  among 
pottery  workers  in  the  days  when  lead  glazes  were  common  is  probably 
the  origin  of  the  extension  of  the  use  of  lead  salts  for  this  purpose,  and 
the  well  known  use  of  diachylon  plaster  (emplaslrum  plunihi)  and  other 
compounds  of  lead  has  left  behind  a  peniiancnt  damage  (sec  LiiAo 
Poisoning,  Vol.  VII,  p.  660).  This  poison  is  used  much  less  commonly 
now,  owing  largely  to  the  restriction  of  (he  sale  of  diachylon  and  lead 
salts  by  the  Poisons  Rules;  but  cases  occur  I'rom  time  to  time  from  the 
taking  of  white  lead,  paint,  and  even  the  soaking  of  lead  piping  in 
vinegar  and  the  drinking  of  the  resulting  liquid. 

Purgatives  (ii)  Purgatives,  e.g.  croton  oil,  gamboge,  elalcriuin,  colocynth,  and 
aloes,  are  ingredients  of  such  medicines,  although  tlie  (irst  two  arc  not 
in  common  use.  Probably  aloes  is  (he  coininoncsl,  aloes  and  canclla 
powder  (hiera  picra)  and  compound  pills  of  colocynth  being  common 
forms  of  the  purgative.  Aloes  in  combination  with  iron,  not  uncommonly 
referred  to  as  ‘steel’,  is  another  form. 

Such  pills,  as  well  as  other  drugs  to  be  mentioned,  arc  often  sold  by 
disreputable  vendors  of  such  compounds  at  a  price  which  is  several 
hundred  times  higher  than  the  cost.  It  is  difficult  to  dc.scribc  in  .scicutilic 
words  exactly  how  these  purgatives  act,  hut  undoubtedly  they  arc 
occasionally  successful.  In  one  case  a  perfectly  hcaltliy  girl  who  was 
about  three  months  pregnant  aborted  after  taking  two  4-grain  aloes 
and  iron  pills  with  a  trace  of  oil  of  savin  three  limes  a  day  for  two  days. 
It  may  be  that  as  griping  is  a  well  known  clTect  of  these  drugs,  i.c. 
painful  contraction  of  the  smooth  muscle,  llicy  may  on  absorplion  act 
similarly  on  the  uterus.  There  is  evidence  that  aloes  akso  cau.sc,s  con¬ 
gestion  of  the  uterus.  Iron  and  its  compounds  have  not  any  abortifacient 
effect  whatsoever. 

Essential  oils  (iii)  The  compilation  of  a  complete  list  of  all  the  c.s.sonliaI  oiks  that  have 
been  used  for  this  purpose  would  be  a  formidable  task,  but  the  com¬ 
moner  oils  which  have  been  and  still  arc  used  for  this  purpo.se  can  he 
reduced  to  a  moderate  list:  oil  of  pennyroyal,  oil  ol'  peppermint,  oil  of 
rue,  oil  oftansy,  apiol,  oilof  nutmeg,  myrrh,  oil  of  .savin,  oil  oriavciulcr, 
and  oil  of  cinnamon.  These  oils  are  not  uncommonly  taken  in  gin,  with 
purgatives,  and,  when  taken  in  medicinal  doses  or  even  in  doses  2  to  3 
times  the  medicinal  dose,  do  little  if  any  harm.  Only  very  rarely  do  they 
cause  abortion,  but  it  must  be  recognized  that  this  may  happen. 

They  must  not,  however,  be  regarded  as  harmless,  for  severe  .symptoms 
and  even  death  have  followed  excessive  doses,  at  all  events  so  far  as 
some  of  the  oils  are  concerned.  Thus,  for  example,  240  minims  of  oil 
of  pennyroyal  are  recorded  as  having  been  fatal,  and  I  know  of  a 
woman  who  was  made  dangerously  ill,  but  recovered,  after  a  dose  of 
180  drops  of  oil  of  pennyroyal. 

Oil  of  savin  is  the  most  toxic  of  all,  and  several  deaths  have  been 
recorded.  Most  of  the  cases  have  followed  drinking  an  infusion  of 
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savin  tops,  which  contain  the  oil,  the  active  principle.  The  symptoms 
are  acute  gastro-enteritis,  with  vomiting,  often  of  blood,  and  a  severe 
toxic  nephritis. 

(iv)  Again,  no  attempt  is  made  to  record  all  the  vegetable  drugs  Other 
which  have  been  used  for  the  purposes  of  abortion;  the  following  may 

be  mentioned:  caulophyllum,  yellow  oleander  (in  India),  cotton  root  ^ 
bark  (gossypii  cortex),  and  black  hellebore. 

The  use  of  these  in  England  to-day  is  probably  uncommon. 

Caulophyllum  and  cotton  root  bark  are  stated  to  be  used  in  America, 
whereas  the  use  of  yellow  oleander  is  limited  to  India. 

(v)  Drugs  acting  on  the  uterus  include  quinine,  Hydrastis  canadensis.  Oxytocic 
pituitary  (posterior  lobe)  extract,  and  ergot. 

Quinine  is  commonly  used  now  for  this  purpose  and,  apart  from  caus¬ 
ing  discomfort  and  some  illness  to  the  taker,  has  probably  never  been 
followed  by  fatal  results,  and  seems  rarely  to  achieve  its  purpose;  but 
experience  of  abortion  in  criminal  courts  shows  that  from  time  to 
time  it  is  effective:  in  one  case  30  to  40  grains  taken  at  one  time  produced 
abortion.  It  is  also  given  in  combination  with  some  local  interference, 
such  as  douching,  and  there  can  be  no  doubt  that  this  combination 
assists  in  the  expulsion  of  the  products  of  conception. 

The  remaining  drugs  are  too  well  known  to  require  comment  here 
and,  owing  to  the  restriction  of  their  sale  to  the  public,  are  rarely  used, 
unless  the  abortionist  possesses  medical  qualifications  to  enable  a 
purchase  to  be  made. 


10 -POWDERED  GLASS 

1527.]  Although  for  convenience  this  substance  is  mentioned  here,  it  is 
not  a  poison.  Its  action  is  purely  mechanical,  and  therefore  it  might 
properly  be  described  as  wounding.  Occasionally  cases  are  recorded  in 
England  in  which  an  attempt,  generally  unsuccessful,  to  cause  grievous 
bodily  harm  or  to  kill  is  made  by  the  incorporation  of  fragments  of 
glass  in  food.  In  the  East  this  method  is  commonly  used  either  alone  or 
with  some  poison  on  account  of  the  popular  belief  that  when  adminis¬ 
tered  with  a  substance  such  as  arsenic  the  effects  of  the  latter  are 
enhanced. 

Actions  for  damages  are  occasionally  brought  on  account  of  the 
accidental  swallowing  of  glass  in  food.  For  injury  to  be  caused  by  glass 
it  would  appear  probable  that  two  things  must  happen:  (i)  the  particle 
of  glass  must  be  sufficiently  large  and  sharp,  and  (ii)  it  must  lodge  in 
some  part  of  the  intestinal  canal,  e.g.  the  appendix.  If  the  existence  of 
the  professional  glass-eater  is  admitted,  the  chance  of  a  piece  of  glass 
causing  injury  must  be  remote.  It  is  doubtful  if  powdered  glass  in  a 
state  of  fine  division  is  ever  injurious;  Johns  in  1825  recommended  two 
teaspoonfuls  to  be  given  to  children  for  worms. 

In  the  same  category  must  be  placed  powdered  diamonds,  little  used 
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Powdered  HOW  Oil  accouiit  of  expeiisc.  For  centuries,  however,  this  powder  had  a 

dfmionds  j-eputation  for  death  dealing,  and  Benvenuto  Cellini,  in  his  auto¬ 

biography,  stated  that  it  had  been  used  in  an  attempt  made  on  his  life, 
The  matter  may  Therefore  be  dismissed  by  slating  that,  should  a  frag- 
nient  of  glass  become  lodged  in  some  part  of  the  intestinal  canal 
whereby  injury  is  done  or  a  visciis  perforated,  there  may  be  a  severe 
illness,  which  from  its  complications  may  prove  fatal,  but  that  such  an 
event  is  extremely  unlikely. 
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l."-INTRODUCTION 

1528.]  Knowledge  of  industrial  toxicology  began  very  early  in  the 
history  of  civilization,  for  physicians  of  ancictU  (Irecce  knew  tliat 
breathing  volatilized  lead  might  cause  colic  and  paralysis.  In  contrast 
the  physician  of  to-day  has  to  cope  with  substances  which  were  little 
more  than  chemical  curiosities  twenty  years  ago,  including  coal-tar 
derivatives,  chlorinated  hydrocarbons,  and  ketones,  some  of  which  arc 
harmless  and  others  so  deadly  that  their  use  might  better  be  I'orbiddcn. 
Some  are  absorbed  by  inhalation,  others  through  the  skin;  some  attack 
the  liver  causing  toxic  jaundice,  others  the  kidneys  causing  suppression 
of  urine*  some  affect  the  blood  causing  cyanosis,  others  destroy  the 
bone  marrow  causing  haemorrhagic  purpura  and  aplastic  anaemia. 

In  Great  Britain  the  Factory  Department  of  the  Home  Ollice  is 
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engaged  constantly  in  effective  and  progressive  work  for  the  prevention 
of  disease  in  industry.  It  numbers  on  its  staff  men  and  women  who  are 
among  the  greatest  living  authorities  on  different  aspects  of  industrial 
hygiene  and  toxicology.  Their  profound  store  of  knowledge,  constant 
helpfulness,  and  unfailing  courtesy  are  not  always  fully  appreciated  by 
industry.  Apart  from  the  medical  services  of  the  state  it  is  important 
that  medical  practitioners  should  possess  the  special  knowledge  and 
training  enabling  them  to  advise  the  employer  how  his  industry  may  he 
carried  out  in  safety.  At  present,  with  a  few  exceptions,  it  is  only  the 
Medical  Inspectors  of  Factories  who  have  this  knowledge.  No  doubt 
with  the  growth  of  this  branch  of  preventive  medicine  more  members 
of  the  medical  profession  will  make  themselves  competent  in  this 
interesting  work. 

The  work  of  the  industrial  practitioner  consists  of  medical  supervision, 
preventive  medicine,  and  public  health  within  the  confines  of  an  industry. 

His  aim  is  to  safeguard  the  health  of  the  employee  and  to  minimize 
time  lost  from  work  because  of  sickness  or  accident.  Though  one  of 
his  functions  is  treatment,  he  is  mainly  employed  in  an  advisory  and  a 
preventive  capacity.  Working  in  co-operation  with  managers,  workers, 
engineers,  chemists,  and  architects  he  has  to  discover  faults  in  the 
working  environment  and  devise  remedies  for  them.  One  of  his  most 
interesting  duties  is  to  bring  into  the  effective  service  of  industry  the 
discoveries  of  the  research  worker. 

2.-PREVENTION  OF  DISEASE  IN  INDUSTRY 

The  principles  underlying  the  prevention  of  disease  in  industry  can  be 
summarized  under  fifteen  headings. 

(i)  Protection  of  the  workman  by  law 

In  Great  Britain  the  number  of  diseases  notifiable  under  the  Factory  Notification 
Act  (1937)  and  the  Shops  Acts  and  subject  to  compensation  under  the 
Workmen  s  Compensation  Acts  (see  p.  136)  indicates  the  existence  of  P^^^atio 
an  alert  and  enlightened  legislature.  From  1 878  onwards,  provisions  were 
made  to  control  dangerous  trades  by  so-called  special  rules  of  the 
Home  Office.  The  early  knowledge  of  industrial  diseases  was  obtained 
by  placing  an  obligation  on  the  medical  practitioner  and  employer  to 
notify  them  to  the  Chief  Inspector  of  Factories.  Between  1896  and  1927 
anthrax,  toxic  jaundice,  epitheliomatous  ulceration,  chrome  ulceration, 
chronic  benzene  poisoning,  and  poisoning  by  lead,  phosphorus,  arsenic, 
mercury,  carbon  disulphide,  and  aniline  were  made  notifiable.  The 
scope  of  the  Workmen’s  Compensation  Acts  is  wider  than  that  of 
the  Factory  Acts  as  they  are  intended  to  cover  all  cases  of  sickness 
of  strictly  occupational  origin,  the  individual  being  considered  and 
not  merely  the  conditions  under  which  he  works.  There  are  now 
some  thirty-eight  scheduled  diseases,  of  which  the  diseases  of  miners 
and  dermatitis  alone  constitute  more  than  90  per  cent  of  the  cases 
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coinpcnscitcd  (see  Skin  Disiiasksi  Ocxjupaiional  DishA.shs,  Vol.  XI, 
p.  161).  New  occupational  risks  constanlly  arise;  asbestosis  and, 
dioxan  poisoning  are  examples  of  dangeis  iccently  bi ought  undei 
control.  Sometimes  great  expansion  occurs  in  one  trade,  as  was  the 
case  with  the  manufacture  of  accumulators  from  1922  to  1924  owing 
to  an  increase  in  the  use  of  motor  cars  and  wireless  apparatus.  Such 
expansion  of  an  industry  makes  great  demands  on  those  responsible 
for  the  prevention  of  disease  in  the  factories  concerned. 

(ii)  Medical  inspection  under  Slate  support 
In  Great  Britain  the  workpeople  arc  protected  not  only  by  the 
inspectors  of  factories  under  the  Factory  Act  (1937)  and  the  Shop.s  Acts 
but  also  by  the  inspectors  of  mines  under  the  Mines  Acts.  Medical 
examination  of  entrants  into  industry,  required  by  law  and  carried  out 
by  certifying  surgeons,  is  very  limited  in  extent  and  applies  only  to 
young  persons  between  the  ages  of  14  and  16;  but  it  was  undoubtedly 
the  forerunner  of  the  much  more  extensive  voluntary  medical  examina¬ 
tion  now  often  undertaken.  An  increasing  number  of  employers  arc 
realizing  the  advantages  of  some  kind  of  medical  service  in  the  faclory. 
An  additional  measure  of  protection  applied  in  many  industries  is 
the  periodical  medical  examination  of  any  workers  exposed  to  known 
risks.  This  may  be  at  weekly,  fortnightly,  monthly,  or  quarlerly  intervals 
and  may  be  carried  out  by  the  certifying  surgeon  or  an  appointed 
surgeon  approved  by  the  Cliiel  Inspector.  Ihcse  examinations  are 
chiefly  undertaken  in  the  case  of  work  involving  exposure  to  lead, 
carbon  disulphide,  benzene  and  other  fumes  in  india-ruhber  works, 
and  to  chromic  acid  in  chromium  plating. 

After  the  War  1914-18,  a  number  of  medical  men  were  appoinled  to 
work  as  whole-time  or  part-time  works  doctors  witli  happy  results,  but 
more  are  needed.  They  can  often  detect  intoxication  beforo  disability 
is  produced;  thus  examination  of  the  blood  for  punctate  basophilia  is 
of  extreme  value  in  the  prophylaxis  of  plunibism  and  is  indeed  essential 
if  manifest  plumbismis  to  bcavoided.  Similarly  in  the  earliest  stages  of 
benzene  poisoning  the  platelet  and  wlii  te-cell  counls  may  fall,  and  before 
tetrachlo  re  thane  poisoning  appears  the  while-cell  count  may  be  raised. 
Facilities  should  be  available  for  periodical  medical  examination  anti 
for  repeated  radiographs  of  the  lungs  in  persons  exposed  to  the  risk  of 
pneumoconiosis  (see  Vol.  IX,  p.  7011). 

(iii)  Prevention  of  dust  md  fame 

Dangers  from  dust  and  fume  may  be  removed  by  local  or  general 
exhaust  ventilation.  As  Sir  Thomas  Lcggc  emphasized  ‘unless  and  uulil 
the  employer  has  done  everything — and  everything  means  a  good  deal  - 
the  workman  can  do  nothing  to  protect  himself,  although  lie  is  naturally 
willing  enough,  to  do  his  share’.  Whenever  possible  exhaust  ventilation 
through,  hoods  must  be  applied  at  the  point  of  origin  of  the  dust  or 
fume;  this  is  in  use  in  the  manufacture  of  electric  accumulators  and  of 
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white  lead,  and  in  the  manipulation  of  silica  and  asbestos,  and  of 
carbon  disulphide  and  benzene  in  india-rubber  works.  In  certain 
instances  general  as  opposed  to  local  exhaust  ventilation  is  applied; 
a  good  example  is  the  ventilation  of  dope  rooms  and  of  cellulose  spray¬ 
ing  shops,  where  it  is  obviously  impracticable  to  apply  local  exhausts 
direct  to  each  doping  bench  or  spraying  horse. 

In  dusty  lead  processes,  such  as  mixing  and  pasting  in  the  manufacture  Avoidance  of 
of  electric  accumulators  and  the  breaking  down  of  the  white-lead  stack,  ^''y  Processes 
the  hose-pipe  must  be  used  freely  to  reduce  dust  to  a  minimum.  The 
breaking  down  of  white-lead  stacks  in  a  dry  state  must  be  forbidden, 
and  white  lead  should  be  converted  direct  into  an  oily  pulp  without 
dry  grinding.  The  use  of  dry  sand-paper  for  the  removal  of  paint  must 
be  forbidden,  and  wet  waterproofed  sand-paper  be  substituted.  A 
preventive  method  widely  applied  in  the  mining,  metallurgical,  and 
ceramic  industries  is  the  substitution  of  wet  methods  for  the  original 
dry  screening,  grinding,  milling,  and  mining  processes.  Dry  drilling  is 
the  cause  of  most  of  the  dustiness  in  mining,  and  wet  drilling,  although 
it  does  not  ensure  a  dust-free  atmosphere,  reduces  dustiness  consider¬ 
ably.  In  the  grinding  industries  entailing  the  use  of  sandstone  wheels 
a  continuous  stream  of  water  should  run  over  them.  In  dusty  trades 
respirators  should  be  used  when  possible,  but  it  is  usually  difficult  to  Respirators 
persuade  the  men  to  wear  them. 

(iv)  Protective  apparatus  uncontrollable  by  the  workman 

^  Sir  Thomas  Legge  insisted  that  in  the  prevention  of  disease  in  industry 
‘if  you  can  bring  an  influence  to  bear  external  to  the  workman— that  is 
one  over  which  he  can  exercise  no  control— you  will  be  successful; 
and  if  you  cannot  or  do  not,  you  will  never  be  wholly  successful’.  In 
the  case  of  exhaust  ventilation  it  is  usually  simple  to  have  the  machinery 
operating  the  fans  entirely  outside  the  workshop.  Even  so,  the  protec¬ 
tive  apparatus  may  not  be  fool-proof,  as  in  the  case  of  the  workman 
in  a  grinding  shop  who  can  turn  back  the  hood  from  his  grinding 
wheel  for  use  as  a  receptacle  for  tools,  thus  making  the  whole  apparatus 
ineffective. 

(v)  Education  of  the  workman  as  to  the  nature  of  the  danger 

Sir  Thomas  Legge  insisted  that  ‘all  workmen  should  be  told  something 
of  the  danger  of  the  material  with  which  they  come  into  contact,  and 
not  be  left  to  find  it  out  for  themselves,  sometimes  at  the  cost  of  their 
lives’.  The  factory  physician  should  emphasize  the  necessity  of  teach¬ 
ing  the  workman  to  take  an  interest  in  protecting  himself;  he  should 
be  taught  the  importance  of  clean  habits  in  lead  works  and  should  be 
made  to  understand  such  matters  as  the  principles  of  dust  suppression. 

For  example,  he  should  recognize  that  a  vacuum-cleaner  is  used  to 
remove  dust  from  a  workshop  for  his  protection  and  should  therefore 
never  be  employed  with  the  motor  reversed.  Cautionary  placards  and 
illustrated  notices  should  be  used  in  the  work-rooms  concerned  so  that 
the  early  lesions  of  the  skin  in  anthrax  and  in  chrome  ulceration  are 
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familiar  to  all.  To  ensure  the  prompt  treatment  of  anllirax,  an  individual 
card  has  been  devised  for  workers  employed  in  industries  exposing 
them  to  risk.  In  case  of  illness  this  is  presented  to  the  doctor  as  a  hint 
that  the  possibility  of  anthrax  should  be  considered.  It  is  vitally  import¬ 
ant  that  men  should  be  trained  in  sale  methods  of  artificial  respiration 
so  that  these  can  be  employed  promptly  in  cases  of  carbon  monoxide 
poisoning.  The  factory  physician  must  never  agree  to  a  scheme  in  which 
the  workmen  are  kept  ignorant  of  the  poisonous  nature  of  substances 
handled.  In  1917  American  workmen  were  told  that  Irinitrololucnc 
might  indeed  explode  but  was  otherwise  harmless;  this  attitude  was 
a  distressing  obstacle  to  those  who  tried  to  introduce  into  American 
plants  the  safeguards  which  had  been  successfully  adopted  in  Great 
Britain. 


(vi)  Cleanliness  of  work  places 

In  some  dangerous  trades  constant  vigilance  by  a  stall  ol  good  lorcmcii 
is  necessary.  In  the  manufacture  of  trinitrotoluene  absorption  through 
the  skin  cannot  be  prevented  unless  benches,  tools,  floors,  and  walls 
are  kept  spotlessly  clean.  Similarly  gla/.c  rooms  and  dipping  rooms  in 
the  potteries,  accumulator  pasting  shops,  and  all  rooms  in  which  a 
dusty  lead  process  is  carried  on  must  be  cleaned  every  night  to  prevent 
the  inhalation  of  dust  of  compounds  of  lead.  Where  it  is  impracticable 
to  use  a  wet  process,  as  for  example  in  the  manulacturc  o(  litharge,  the 
foremen  must  see  that  no  dust  is  raised  in  sliovclliug. 


(vii)  BocUly  cleanliness 

Cloak-rooms,  washing  rooms,  mess-rooms,  baths,  nail-brushes,  towels, 
and  soap  must  be  provided  by  the  employers  and  used  in  tlicir  time. 
Where  absorption  is  known  to  occur  through  the  skin,  as  in  the  use  of 
aniline,  nitrobenzene,  and  trinitrotoluene,  appropriate  prolcclivc  cloth¬ 
ing  must  be  worn.  If  direct  contact  with  the  poison  cannot  be  avoided 
every  means  must  be  adopted  to  protect  the  skin,  'flie  surlacc  which  is 
necessarily  exposed  may  he  covered  with  a  bland  ointment,  dusted  with 
powder,  or  washed  frequently.  There  is,  however,  a  risk  in  too  much 
washing  of  the  skin,  and  care  must  be  taken  to  use  the  least  irritating 
cleansers,  to  avoid  scrubbing,  and  to  replace  the  lost  oils  of  the  skin  by 
inunction  with  an  animal  fat. 

(viii)  General  hygiene 

Certain  principles  apply  to  all  trades  but  are  of  greater  importance  in 
the  dangerous  trades  because  their  neglect  may  increase  the  exposure 
of  the  worker  to  the  poisons  concerned.  Measures  must  be  taken  to 
prevent  long  hours  of  work,  the  employment  of  boys  and  girls,  undue 
heat  from  furnaces  and  steam  from  tanks,  and  the  use  of  underground 
workshops  and  bad  lighting  and  ventilation.  In  this  country  the  law 
requires  that  every  factory  or  workshop  shall  bo  kept  clean  and  free 
from  effluvia,  provided  with  sulTicicnt  means  of  ventilation,  and  kept 
at  a  reasonable  temperature.  It  docs  not,  however,  contain  any  pro- 
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visions  as  regards  lighting.  If  domestic  conditions  were  always  of  the 
standard  required  by  law  for  a  factory  or  workshop,  the  health  of  the 
general  population  would  certainly  be  improved.  It  is  not  suggested 
that  the  conditions  existing  in  every  factory  or  workshop  in  Great 
Britain  are  by  any  means  perfect,  but  in  the  majority  a  good  standard 
has  been  attained.  During  the  years  1914-*!  8  it  was  realized  that  hygienic 
surroundings,  good  ventilation  and  lighting,  facilities  for  obtaining  food 
at  a  reasonable  cost,  and  opportunity  for  rest  and  recreation  were  not 
only  good  for  the  worker  but  to  the  advantage  of  the  employer.  The 
benefits  derived  from  such  improvements  have  served  to  stimulate  the 
provision  of  further  facilities  for  workers  to  enjoy  a  healthy  life.  Except 
in  the  special  rooms  set  aside  for  the  purpose,  smoking,  eating,  and 
drinking  must  be  forbidden  in  certain  works,  for  example  lead  works. 

(ix)  Improvements  by  chemists 

The  simplest  method  of  preventing  an  industrial  disease  is  to  prohibit 
the  use  of  the  responsible  toxic  substance.  The  possibility  of  such 
prohibition  depends  on  the  discovery  of  an  innocuous  substance 
competent  to  replace  the  noxious  one.  In  the  case  of  yellow  phosphorus, 
workers  in  the  match  industry  were  completely  protected  by  the  intro¬ 
duction  of  a  harmless  substitute  in  phosphorous  sesquisulpMde,  and 
the  substitution  of  silver  salts  for  mercury  in  the  silvering  of  mirrors 
was  another  example.  Chemists  have  produced  a  low-solubility  glaze 
which  protects  the  potter  from  the  dust  of  white  lead,  and  in  a  similar 
way  paint  technologists  have  protected  the  painter  of  metals  by  the 
invention  of  a  non-setting  red  lead.  The  use  of  plastic  rubber,  i.e.  rubber 
in  which  litharge  has  been  incorporated  in  a  mother  batch  to  the  extent 
of  90  per  cent,  will  abolish  the  production  of  lead  dust  in  certain 
processes  in  the  rubber  industry.  Extraction  with  sulphuric  acid  or 
oxidation  will  reduce  or  completely  remove  the  carcinogenic  activity 
of  a  mineral  oil  such  as  that  used  in  cotton  mule-spinning.  Substitutes 
must  be  found  for  toxic  solvents.  Since  coal-tar  benzene  is  highly 
toxic,  the  works’  chemist  must  choose  less  toxic  solvents,  for  example 
petroleum  benzine  and  acetone.  Further  research  is  required  to  find, 
for  example,  a  harmless  substitute  for  nitrate  of  mercury  in  the  felting 
of  fur. 

(x)  Improvements  by  engineers 

Whenever  possible  mechanical  means  should  be  substituted  for  hand 
carriage;  examples  of  this  are  seen  in  the  use  of  cranes,  rails,  hoists, 
travelling  belts,  covered  conveyors  and  hoppers,  and  automatic  packing 
machinery.  The  abolition  of  hand  filling  of  shells,  the  substitution  of 
shot-blasting  for  sand-blasting  and  of  stainless  steel  for  chromium 
plating,  and  the  use  of  an  enclosed  film  steam  evaporator  in  the  manu¬ 
facture  of  silver  nitrate  are  further  examples.  The  invention  of  electro¬ 
plating  about  1 840  led  to  a  great  diminution  in  the  incidence  of  mercurial 
poisoning  because  it  took  the  place  of  water-gilding,  in  which  mercury 
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was  volatilized  from  an  amalgam  by  lieat  over  a  lire.  An,  outstanding 
contribution  to  t'he  reduction  of  the  risk  of  lead  poisoning  was  the 
invention  of  the  wet-pulping  method  in  the  inaniifa,cture  of  white  lead 
Fifty  per  cent  of  the  white  lead  maniifactiired  in  tfiis  country  is  never 
handled  in  the  dry  slate  but  is  converted  from  an  aquccnis  pulp  to 
an  oily  paste  in  closed  machines.  Glass  workers'  cataract  has  been 
minimized  by  the  invention  of  a  glass-bottle  making  machine  producing 
bottles  at  the  rate  of  forty  a  minute  and  at  one-ninth  the  original  labour 
cost.  In  iron  and  steel  rolling  mills  the  use  of  goggles  made  ofGrookcs's 
glass  protects  the  eyes  from  the  fierce  heat  and  glare  and  so  prevents 
cataract. 

(xi)  Knowledge  as  to  portals  of' etifry  of  toxic  substances 

When  it  is  known  by  what  route  -respiratory,  alimentary,  or  cuta  neons 
—a  poison  is  absorbed  the  medical  adviser  can,  in  consultation  with  the 
employer,  indicate  on  which  principles  the  methods  ol' protection  should 
be  based.  In  most  industries  absorption  through  the  respiratory  tract 
is  of  overwhelniing  importance.  1  Except  in  very  rare  instanecs  lead 
poisoning  is  not  due  to  eating  with  unvvaslied  hands.  In  a  few  industries 
absorption  through  the  skin  may  take  place,  forcxamplc  in  the  handling 
of  aniline,  nitrobenzene,  triniiixUoluenc,  nicotine,  and  lead  tetraethyl. 
The  mechanical  details  which  render  the  workers  in  a  given  industry 
safe  from  toxic  substances  imisi  be  settled  in  consnitat  ion  with  engineers. 

(xii)  Multiplicity  of  poisons  in  a  given  track 

A  given  trade  may  be  dangerous  for  more  tfian  one  reason.  For 
example,  in  the  painter’s  trade  lead,  turpentine,  benzene,  and  methyl 
alcohol  may  all  be  used,  and  in  the  rubber  trade  benzene,  lead,  and 
carbon  disulphide.  In  the  leather  trade  there  may  he  exposure  to 
anthrax  bacilli  and  to  carbon  dioxide,  sulphuretted  hydrogen,  nitro¬ 
benzene,  and  aniline.  A  workman  may  be  ignorant  of  the  substances 
used,  or  they  may  be  trade  secrets.  In  taking  a  clinical  history,  even 
when  the  substances  arc  known,  it  is  often  ditlicult  to  determine  which 
is  responsible.  The  medical  adviser  must  discover  the  particular  depart- 
mentiii  which  a  man  works;  forcxamplc,  in  the  rubber  trade,  if  plastic 
rubber  is  not  used,  there  is  a  risk  of  lead  poisoning,  but  only  in  tlic 
mixing  room  where  oxides  of  lead  arc  handled.  In  complicated  pro¬ 
cesses,  such  as  those  of  dye  manufacture,  many  dinicultics  may  he 
encountered  in  an  attempt  to  determine  which  chemical  compound 
is  responsible,  for  example,  in  the  so-called  aniline  tumours  of  the 
bladder  (see  p.  178). 

(xiii)  Limitation  of  exposure 

In  certain  dangerous  processes  men  must  not  remain  for  long  periods 
at  any  one  job:  in  lead  smelting  and  in  processes  involving  exposure 
to  carbon  disiilpMde,  nitrobenzene,  and  trinitrotoluene,  short  shifts 
must  be  enforced.  Hours  of  work  must  be  limited  for  men  working  in 
compiessed  air  or  in  hot  deep  mines.  The  medical  supervisor  must 
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make  use  of  all  known  methods  to  detect  the  earliest  onset  of  poisoning 
by  substances  such  as  lead,  benzene,  and  tetrachlorethane. 

(xiv)  Selection  of  immune  persons 

Employment  of  women  and  of  all  persons  under  18  years  of  age  in  Employment 
certain  trades  should  be  forbidden.  In  gas  works  and  on  blast  furnaces, 
where  there  is  a  danger  of  carbon  monoxide  poisoning,  it  is  better  to 
employ  middle-aged  men,  who  are  partially  protected  by  their  lesser 
physical  activity  and  slower  respiration.  The  selection  and  employment 
of  immune  persons  only  is  an  ideal,  the  attainment  of  which  must  wait 
on  better  knowledge.  If  research  could  produce  satisfactory  tests  for 
immunity  to  various  poisons  a  great  deal  of  suffering  and  expense 
could  be  abolished. 


(xv)  Further  researches 


It  would  be  idle  to  suppose  that  our  knowledge  of  industrial  diseases 
is  a  finished  chapter.  Many  diseases  of  occupational  origin  remain 
unknown  for  years,  notable  instances  being  asbestosis  and  spirochaetosis 
icterohaemorrhagica  (Weil’s  disease).  Clearly  there  must  be  others  still 
eluding  our  search.  New  processes  are  constantly  springing  up.  In  some  New  solvents 
countries  new  solvents  for  rapidly  drying  paints  and  varnishes  have 
been  allowed  to  poison  men  because  these  substances  were  not  first 
tested  on  experimental  animals;  poisoning  by  methyl  mercuric  iodide 
in  the  manufacture  of  fungicides  for  seeds  need  never  have  occurred 
had  inquiry  been  made  beforehand  by  means  of  animal  experiments. 

Until  1933  the  co-operation  of  geologists  in  attacking  the  problem  Geological 

of  pneumoconiosis  had  not  been  sought.  The  petrological  microscope 

rapidly  incriminated  silicates  such  as  sericite  and  sillimanite,  whereas 

previously  silica  had  been  held  solely  responsible.  Many  problems  yet 

remain  to  be  solved.  Is  the  high  incidence  of  malignant  disease  of  the 

nasal  sinuses  in  workers  in  nickel  related  to  substances  used  in  their 

work  and  is  there  also  a  high  incidence  of  lung  carcinoma  among 

them?  Will  the  chemist  find  a  suitable  substitute  for  nitrate  of  mercury  Chemical  and 

in  the  felting  of  fur?  Will  the  bacteriologist  succeed  in  producing  effective 

inoculation  against  spirochaetosis  icterohaemorrhagica?  What  is  to  be 

done  about  Raynaud’s  phenomenon  produced  by  the  use  of  vibrating 

tools,  including  pneumatic  drills,  rams,  chisels,  and  riveting  machines? 

These  and  many  other  problems  await  solution.  We  are  on  the  right 
path  but  there  is  a  long  way  to  go. 


3.-NOTIFICATION  AND  COMPENSATION 

1529.]  Under  the  Factory  Act  (1937)  and  the  Shop  Acts  the  notification  of  Factory  and 
eleven  disease  groups  is  compulsory  upon  medical  practitioners  and  must 
be  made  to  the  Chief  Inspector  of  Factories,  Home  Office,  Whitehall. 

Diseases  which  are  notifiable  if  occurring  in  a  factory  or  workshop  are 
as  follows:  (i)  lead  poisoning,  (ii)  phosphorus  poisoning,  (iii)  mercurial 
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poisoning,  (iv)  arsenical  poisoning,  (v)  carbon  disulphide  poisoning, 
(vi)  aniline  poisoning,  (vii)  chronic  hcrr/ene  poisoning,  (viii)  toxic 
jaundice,  (ix)  anthrax,  (x)  cpilheliomatous  ulceration  due  to  pitch,  tar, 
paraflin,  and  mineral  oil,  and  (xi)  chrome  ulceration. 

Under  the  Lead  Paint  (Protection  against  Poisoning)  Act  of  1936  it  is 
compulsory  upon  medical  practitioners  to  notify  lead  poisoning  con¬ 
tracted  by  any  person  employed  in  connexion  with  the  painting  of  any 
building  whether  or  not  it  is  a  factory  or  W(U'kshop. 

Certain  diseases,  namely  acute  poisoning  by  carbon  monoxide, 
hydrogen  sulphide,  trichlorcthylcnc,  and  ben/.ene,  which  are  sudden 
in  their  effects  and  therefore  classed  as  accidents,  must  be  reported  by 
the  employer  to  the  I^actory  Inspectors.  In  addition  there  is  a  very 
large  group  of  industrial  or  occupational  diseases  which,  although  not 
notifiable,  are  included  under  the  Workmen’s  Compensation  Acts.  11ic 
diseases  subject  to  compensation  include  the  notifiable  diseases  and 
twenty-seven  other  disease  groups.  (See  also  Skin  DisiiAsris:  OocairA- 
TIONAL  Diseases,  VoL  XI,  p.  !62.)  Pneumoconiosis  is  provided  for  under 
the  Silicosis  and  Asbestosis  (Medical  Arrangcincnts)  Sclieine,  I931.  I'ivo 
such  schemes  now  exist:  (i)  Refractories  industries  Scheme,  (ii)  Sand¬ 
stone  Industries  Scheme,  (iii)  Metal  Chiiuling  Scheme,  (iv)  Various 
Industries  Scheme,  and  (v)  Asbestos  Industry  (Asbestosis)  Scheme. 


4-ARSENIC 

1530.]  Industrial  arsenic  poisoning  occurs  in  two  forms:  (i)  from 
inhalation  of  or  contact  with  tlic  dusts  of  compounds  of  arsenic,  and 
(ii)  from  inhalation  of  arscniiiretted  hydrogen  gas  (see  p.  163).  d’hc 
symptoms  in  the  two  groups  bear  little  or  no  resemblance  to  one 
another.  The  compounds  of  arsenic  act  as  local  irritants  to  the  skin 
and  mucous  membranes.  Only  rarely  is  the  dose  of  arsenic  large  enough 
to  produce  the  gastro-entcritis  so  common  in  the  criminal  administra¬ 
tion  of  arsenic.  Arseniuretted  hydrogen,  on  the  other  hand,  acts  as  a 
powerful  haemolytic  agent,  causing  haemoglobinuria,  anaemia,  and 
haemolytic  icterus. 

Arsenical  compounds  arc  met  with  in  the  smelting  and  rctln  ing  of  ores, 
in  the  subliming  of  white  arsenic,  and  in  the  manufacture  of  sheep  dip 
(sodium  arsenite),  Paris  green  (copper  aceto-arsenite),  and  Schoclc’s 
green  (cupric  arsenite).  White  arsenic  is  used  as  a  preservative  of  hides, 
skins,  and  furs,  and  Paris  green  as  an  insecticide  for  fruit  trees.  The 
dusts  of  the  arsenic  compounds  manufactured  in  industry  arc  very  light 
so  that  in  processes  of  sifting  and  packing,  unless  these  are  carried 
out  in;  closed  apparatus  from  start  to  finish,  the  dust  is  very  likely  to 
alight  on  and  remain  on  the  skin. 

The  skin  is  affected  especially  where  there  are  folds,  as  aroimd  the 
nose  and  mouth,  or  where  surfaces  are  moist,  as  in  the  axillae  or  on 
the  scrotum.  Here  a  dermatitis  is  set  up  which  leads,  if  not  treated, 
to  extensive  ulceration;  associated  with  the  skin  eruption  arc  con- 
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junctivitis  with  oedema  of  the  eyelids,  coryza,  dryness  of  the  throat, 
and  hoarseness.  In  severe  cases  vomiting  occurs  but  colic  is  rare.  Head¬ 
ache  and  paraesthesiae  in  the  limbs  may  occur,  but  wide-spread  poly¬ 
neuritis  is  rare  and  motor  paralysis  is  practically  never  seen.  Brown 
pigmentation  of  the  skin,  usually  on  the  temples,  eyelids,  and  neck  is  Pigmentation 
present  in  those  who  have  worked  for  years  in  contact  with  arsenical 
dusts.  In  severe  cases  there  may  be  intense  bronzing  of  the  chest,  abdomen, 
and  back.  The  most  characteristic  lesion  produced  in  the  upper  air- 
passages  is  perforation  of  the  nasal  septum,  which  may  be  complete  Perforation 
in  a  month  from  the  time  of  starting  work.  Once  the  perforation  is 
complete  no  further  symptoms  occur  and  the  worker  may  be  ignorant 
of  the  existence  of  the  condition. 

There  is  a  prevalent  belief  that  arsenic  is  an  important  cause  of  Relation  of 
industrial  cancer.  In  actual  fact,  apart  from  that  occasionally  following 
long-continued  therapeutic  administration,  skin  cancer  due  to  arsenic 
is  extremely  rare.  The  wide-spread  occurrence  of  arsenic  in  industry 
has  naturally  led  to  the  belief  that  it  is  responsible  for  many  other 
forms  of  industrial  cancer,  but  all  the  available  evidence  is  contrary  to 
such  a  view.  In  1820  John  Ayrton  Paris  described  arsenic  cancer  of  the 
scrotum  in  tin  smelters,  but  his  statement  that  animals  may  also  be 
affected  has  never  been  substantiated.  Tt  may,  however,  be  interesting 
and  useful’,  he  wrote,  ‘to  record  an  account  of  the  pernicious  influence 
of  arsenical  fumes  upon  organized  beings,  as  I  have  been  enabled  to 
ascertain  in  the  copper  smelting  works  of  Cornwall  and  Wales;  this 
influence  is  very  apparent  in  the  condition  both  of  the  animals  and 
vegetables  in  the  vicinity;  horses  and  cows  commonly  lose  their  hoofs, 
and  the  latter  are  often  to  be  seen  in  the  neighbouring  pastures  crawling 
on  their  knees  and  not  infrequently  suffering  from  a  cancerous  infection 
in  their  rumps.  ...  It  deserves  notice  that  the  smelters  are  occasionally 
affected  with  a  cancerous  disease  in  the  scrotum  similar  to  that  which 
infests  chimney-sweepers.’  Jonathan  Hutchinson  (1888)  first  called 
attention  to  the  carcinogenic  properties  of  arsenic.  He  described  cases 
of  carcinoma  of  the  skin  in  patients  treated  by  arsenical  mixtures  for 
psoriasis  and  other  skin  conditions.  The  fine  powder  of  arsenical 
compounds  which  settles  on  the  skin  of  the  industrial  worker  may  give  Warts 
rise  to  warts  on  the  nostrils,  eyelids,  lips,  ears,  and  wrinkles  of  the 
neck,  and,  since  these  compounds  of  arsenic  are  carcinogenic,  the  warts 
may  become  malignant. 

Cases  of  cancer  of  the  skin  due  to  occupational  exposure  to  arsenic  Incidence  of 
are  seen  in  hospitals  from  time  to  time  but  they  are  rare.  In  30  years  ^^neer^^ 
only  three  have  been  seen  at  the  London  Hospital,  two  in  1910  and 
one  in  1924  (O’Donovan,  1928).  These  three  patients  had  been  employed 
for  26  and  20  years  in  the  sheep-dip  industry  and  each  developed  a 
squamous-celled  carcinoma.  The  clinical  picture  of  all  was  made  up 
of  pigmentation,  keratosis,  and  single  or  multiple  malignant  growths. 

There  were  no  special  sites.  Face,  abdomen,  scrotum,  buttocks,  clavicle, 
and  lower  chest  were  affected. 


138 


TOXICOLOGY 


[VOL.  XI! 


Preventive 

treatment 


Exhaust 

ventilation 


Special 

clothes 


Three  types 
of  poisoning 


Occupations 
with  risk 


Route  of 
absorption 


The  floors  of  workrooms  and  passago-ways  should  bo  of  cement  so 
as  to  ensure  iniperincability,  and  they  should  be  frequently  Hushed  with 
water.  Workrooms  should  be  well  vcniilated  and  hoods  connccled  with 
a  good  draught  placed  over  apparatus  cmilfing  dust.  All  poisonous 
fumes  should  be  condensed  and  any  dust  caught  rcnuived.  I  lot  processes 
should  be  carried  out  under  glass  hoods  and  manipulation  of  powders 
in  closed  glass  cabinets.  'When  possible,  mechanical  methods  should 
take  the  place  of  hand  labour,  ApparaUis  and  receptacles  must  be 
strong  to  avoid  breakage.  In  all  processes  in  which  arsenic  dust  is 
likely  to  arise  tables  should  be  provided  with  downward  exhaust 
ventilation.  Protection  of  the  workers  against  the  dust  of  Scheclo’s 
green  isdiflicuitto  secure  because,  being  light,  it  is  blown  about  readily. 
Automatic  packing  is  not  possible,  and  the  ordinary  moans  of  protec¬ 
tion  by  respirators  favours  sweating  and  consequent  ulceration  of  the 
skin.  Persons  with  a  moist  skin  and  (hose  who  sweat  readily  arc  unsuit¬ 
able  for  the  work  and  should  bo  excluded.  Special  working  clothes  and 
head-gear,  washing  accommodation,  and  towels  s!u)uld  bo  provided. 
Neither  food  nor  drink  should  he  taken  in  the  workroom,  and  smoking 
and  the  taking  of  snuff  should  be  prohibited  (Baithazard,  19.%). 

5.~MERCURY 

1531.]  Mercury  poisoning  occurs  in  industry  in  three  forms:  (i)  from 
exposure  to  the  vapours  of  metallic  mercury,  ( ii  )IVom  con  (act,  particiila  riy 
of  the  skin,  with  mercury  fulminate,  and  (iii)  from  exposure  to  (he 
vapours  of  methyl  mercury  compounds.  I'hc  clinical  picture  is  dillerent 
in  each  of  these  three  types. 

(1) — ^Metallic  Mercury 

Occupations  giving  ri.se  to  the  risks  of  e.xposure  to  nielallic  mercury 
include  mercury  niining;  recovery  of  the  metal  from  the  ore;  .separation 
of  gold  and  silver  Iroin  their  ores  by  means  of  an  amalgam  with 
mercury;  manufacture  ol  barometers  and  thermometers  and  some  types 
of  electric  meters  and  electric  lamps;  walcr-gikliiig,  in  which  an  amalgam 
of  gold  or  silver  is  applied  to  the  object  concerned  and  the  mercury 
volatilized  by  heat;  manufaclurc  of  oxides  and  salts  of  mercury, 
vermilion,  and  anti-fouling  paint;  manufacture  of  surgical  dressings 
containing  mercury  salts;  bronzing  of  held  glasses  and  photo-engraving; 
and  the  felting  of  fur  and  the  manufacture  of  hard  felt-liuts.  Mercury 
vaporizes  even  at  room  temperature  and,  altliougli  there  i.s  no  doiibl 
that  it  can  be  absorbed  through  the  unbroken  skin,  (he  use  ol' the  melal 
in  industrial  processes  gives  rise  to  poisoning  mainly  through  the 
respiratory  tract.  In  1804  there  was  a  (ire  in  a  quicksilver  in  ine  in  Austria 
andagood  deal  of  mercury  vapour  escaped  into  the  air  and  spread  over 
the  countryside;  900  persons  in  the  neighbourhood  had  mercurial 
tremor  and  many  cows  suffered  from  salivation,  cachexia,  and  abortion. 
But  poisoning  can  occur  from  exposure  to  mercury  at  ordinary  tempera- 
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tures.  In  1810  a  British  ship  had  some  mercury  containers  broken  in 
the  hold.  As  a  result  all  the  birds  and  cattle  on  board  died;  200  sailors 
had  symptoms  of  mercury  poisoning,  and  three  of  them  died. 

The  danger  in  the  felt-hat  industry  arises  from  the  presence  in  the  air  Felt-hat 
of  workshops  of  fine  fur  which  has  been  treated  with  nitrate  of  mer- 
cury  in  the  process  of  felting.  The  fine  hairs  which  form  the  fur  of 
rabbits,  hares,  musk-rats,  and  beavers  are  smooth,  resilient,  and  straight. 
Treatment  with  some  chemical  substance  which  makes  them  limp, 
twisted,  and  rough  greatly  aids  the  felting  process  and  many  chemicals 
have  been  shown  to  produce  such  an  effect.  Among  them  is  an  acid 
solution  of  mercuric  nitrate  which  is  now  used  in  the  preparation  of 
hatters’  fur  in  all  countries  except  Russia. 

The  symptoms  of  mercurial  poisoning  arising  in  industry  are  as  a  rule  Clinical 
much  slower  in  onset  and  more  insidious  in  character  than  those  which 
result  from  the  continued  internal  administration  of  mercury.  Further, 
two  characteristic  sets  of  symptoms  which  are  never  seen  in  medicinal 
cases  occur  in  industrial  cases,  namely,  tremor  and  erethism.  Salivation 
and  tenderness  of  the  gums  and  mouth  are  usually  early  symptoms. 

The  gums  are  swollen  and  bleed  readily,  but  it  is  not  easy  to  distinguish 
an  early  mercurial  gingivitis  from  the  pyorrhoea  of  a  neglected  mouth. 

Rarely  a  mercurial  line  is  seen  on  the  gums.  It  may  resemble  the  blue 
line  due  to  absorption  of  lead  but  some  authors  state  that  it  is  brownish. 

The  most  characteristic  symptom,  though  it  is  seldom  the  first  to  Tremor 
appear,  is  mercurial  tremor.  It  is  neither  so  fine  nor  so  regular  as  that 
of  thyrotoxicosis.  It  may  be  interrupted  every  few  minutes  by  coarse 
shaking  movements.  It  usually  begins  in  the  fingers  but  the  eyelids,  lips, 
and  tongue  are  affected  early.  As  it  progresses  it  passes  to  the  arms  and 
then  to  the  legs  so  that  it  becomes  very  difficult  for  a  man  to  walk  about 
the  workshop  and  often  he  has  to  be  guided  to  his  bench.  At  this  stage 
the  condition  is  so  obvious  that  it  is  known  to  the  layman  as  the 
'hatters’  shakes’.  Charcot  held  that  the  tremor  was  hysterical.  Against 
this  is  the  fact  that  it  cannot  be  relieved  by  psychotherapy  but  often 
passes  away  if  the  patient  gives  up  his  work  before  it  has  reached  a 
serious  stage.  Alcoholism  greatly  favours  its  development  and  it  is 
claimed  that  no  total  abstainer  has  ever  suffered  severely  from  tremor. 

The  severe  psychic  symptoms  known  as  erethism  have  been  rare  since  Erethism 
silver  took  the  place  of  mercury  in  mirror  making.  The  man  affected  is 
easily  upset  and  embarrassed,  loses  all  joy  of  life,  and  lives  in  constant 
fear  of  being  dismissed  from  his  job.  He  has  a  sense  of  timidity  and 
may  lose  self-control  before  strangers.  Thus  if  a  visitor  stops  to  watch 
such  a  man  in  the  factory,  he  will  sometimes  throw  down  his  tools  and 
turn  in  anger  on  the  intruder,  saying  that  he  cannot  work  if  watched. 
Occasionally  a  man  is  obliged  to  give  up  work  because  he  can  no  longer 
take  orders  without  losing  his  temper,  or  if  he  is  a  foreman  he  has  no 
patience  with  the  men  under  him.  Drowsiness  by  day,  depression,  loss 
of  memory,  and  insomnia  may  occur  but  under  modern  conditions 
hallucinations,  delusions,  and  mania  are  rare. 
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In  the  ma.nufo.cture  of  clinical  thermometers  and  in  laboratories  where 
mercury  is  handled  extensively,  the  benches  should  be  covered  with  a 
smooth  and  impervious  surface  sloping  in  such  a  way  as  to  drain  the 
mercury  into  a  suitable  receptacle  at  the  lowest  point.  The  walls  and 
floors  should  be  of  impervious  material  and  the  floor  should  be  cleansed 
at  the  end  of  each  day’s  work.  Thermometers  should  not  be  filled 
without  suitable  exhaust-ventilation  for  the  removal  of  mercury  vapour. 
Overalls,  mess-rooms,  and  washing  facilities  should  be  provided.  The 
mouth  and  pharynx  should  be  frequently  rinsed  with  a  mouth-wash  and 
the  teeth  cleaned  with  a  soft  toothbrush  and  a  dentifrice.  Periodical 
medical  and  dental  examination  can  achieve  a  great  deal,  especially 
by  emphasis  on  the  proper  hygiene  of  the  mouth.  Cavities  in  carious 
teeth  should  be  filled,  sharp  angles  smoothed,  and  stumps  and  teeth 
irremediably  decayed  extracted. 

In  the  furriers’  workshops  of  hatters  the  technical  processes  ofcarrol- 
ting,  drying,  brushing,  sorling,  and  packing  arc  carried  out;  if  the  fur- 
cutting  shops  are  small,  cheaply  built,  and  badly  managed,  poisoning 
will  readily  arise.  But  ventilation  and  spotless  cleanliness  in  such  shops 
cannot  eliminate  all  risks  for  after  the  carrotted  fur  has  left  the  halters' 
furriers’  workshop  it  goes  through  further  pixKcsscs  known  as  blowing, 
forming,  hardening,  sizing,  blocking,  shaping,  crown  and  brim  ironing, 
planking,  proofing,  stoving,  and  pressing.  It  is,  indeed,  a  pity  that 
chemists  have  not  found  any  cflicient  substitute  for  mercuric  nitrate  in 
the  carrotting  process  for,  although  cases  of  poisoning  in  Clreal  Britain 
are  now  negligible,  there  are  many  elsewhere.  Russia,  has  had  the  courage 
to  use  a  potash  method,  but  this  produces  felt  of  inferior  quality.  The 
Health  Organisation  of  the  League  of  Nations  is  to  lake  action  in 
finding  a  remedy  for  this  blot  which  persists  in  modern  iiuiiistry. 
Stomatitis  must  be  treated  hy  the  use  ol'  the  toothbrush,  mouth¬ 
washes,  and  dental  extraction  when  necessary.  A  workman  aHectcd  by 
mercurial  tremor  must  bo  removed  from  his  work  and  abstain  from 
alcohol. 

(2) — ^Mercury  Fulminate 

Mercury  fulminate,  Hg(O.N:C)o,  is  handled  in  explosive  factories 
where  detonators  and  percussion  caps  are  made.  It  is  obtained  by 
reaction  on  alcohol  of  a  solution  of  mercuric  nitrate  in  nitric  acid. 
The  following  workers  are  exposed  to  risk:  (illers,  packers,  cleaners, 
cap  loaders,  pressers,  dryers,  sievers,  mixers,  decanters,  weighers,  and 
inspectors.  In  one  process  wet  fulminate  of  mercury  is  spread  out  by 
hand  on  cloths  placed  on  a  hot  tabic.  One  end  of  the  cloth  is  then 
raised,  and  the  powder  tilted  to  the  other  end.  In  a  later  process  the 
fulminate  is  passed  through  sieves  ofhorschair  to  obtain  the  fine  powder 
necessary  for  the  caps.  The  fine  dust  falls  upon  the  skin  and  dermatitis 
follows.  In  one  department  operatives  moisten  the  material  with 
methylated  spirit,  work  it  with  the  lingers,  and  then  press  it  into  moulds. 
The  skin  of  most  of  those  employed  in  mixing,  drying,  filling,  and 
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preparing  the  composition  shows  characteristic  lesions.  The  suscepti-  Clinical 
bility  of  some  individuals  is  such  that  they  cannot  stand  it  for  a  day, 
whereas  others  only  suffer  in  warm  weather.  As  a  rule  the  cases  of 
‘fulminate  itch’,  as  they  are  called  in  the  trade,  are  slight.  Generally  the  Skin  lesions 
uncovered  parts  of  the  body  are  attacked  by  an  erythema  accompanied 
by  intense  itching,  swelling,  and  oedema,  particularly  on  the  face, 
eyelids,  neck,  behind  the  ears,  and  on  the  forearms.  Erythematous 
papules  break  out  on  the  inflamed  areas  and  may  become  vesicles, 
bullae,  and  pustules.  A  pustular  folliculitis  develops  often  on  the  hairy 
parts  of  the  skin.  The  fulminate  may  lodge  in  a  crack  or  abrasion  of 
the  skin  and  act  as  a  corrosive,  causing  small  painful  necrotic  lesions 
on  the  hands,  especially  the  tips  of  the  fingers,  which  last  about  a 
fortnight.  The  operatives  call  them  ‘powder  holes’.  If  the  fulminate 
attacks  the  knuckles  or  the  roots  of  the  nails  ulceration  may  penetrate 
to  the  joint  and  bone.  Exceptionally  the  whole  body  is  affected. 

Recovery  takes  place  in  from  one  to  two  weeks  and  is  accompanied  by 
desquamation.  In  persons  carrying  out  sieving  operations  the  superficial 
mucous  membranes  also  are  irritated.  After  staying  a  short  time  in  the 
rooms  where  these  operations  are  carried  out  slight  pricking  of  the 
eyes  and  nose  is  felt  with  an  inclination  to  sneeze,  and  irritation  of 
the  throat.  The  conjunctivae  may  become  very  inflamed  and  similar 
inflammation  may  affect  the  nose  and  larynx.  The  teeth  of  the  majority 
of  workers  are  blackened  owing  to  the  formation  of  mercury  sulphide, 
produced  by  the  action  of  sulphuretted  hydrogen  evolved  in  the  processes 
of  decomposition  of  food  in  the  absence  of  careful  dental  toilet. 

In  the  manufacture  of  mercury  fulminate  meticulous  attention  should  Preventive 
be  paid  to  detail  in  all  matters  of  cleanliness  in  the  entire  plant.  The 
gases  given  off  in  the  preliminary  processes  should  be  either  condensed 
or  removed  to  the  outer  air  well  above  the  heads  of  the  workers. 
Substitution  of  machinery  for  hand  labour  is  impossible  on  technical 
grounds.  In  the  rooms  where  the  detonators  are  filled  with  the  composi¬ 
tion,  the  fumes  given  off  as  the  result  of  the  numerous  small  explosions 
should  be  removed  by  means  of  mechanical  ventilation.  All  persons 
employed  should  be  provided  with  well  fitting  overalls,  caps,  and  india- 
rubber  gloves,  and  if  necessary  respirators.  The  face  and  other  parts 
of  the  body  should  not  be  rubbed  with  soiled  hands.  Washing  accom¬ 
modation  should  be  provided  close  to  the  workroom,  and  a  separate 
towel  provided  for  each  worker.  The  hands  and  arms  should  be  washed 
before  meals  and  before  leaving  in  a  10  per  cent  aqueous  solution  of 
sodium  thiosulphate.  In  some  factories  workpeople  coming  into  contact 
with  mercury  fulminate  are  given  ointment  wherewith  to  restore  softness 
to  the  skin  after  washing.  Such  ointments  contain  lanolin,  and  either 
sodium  carbonate,  balsam  of  Peru,  or  phenol.  Periodical  medical 
examination  is  important,  and  in  the  first  instance  persons  with  delicate 
skins  and  those  who  have  suffered  from  skin  diseases  must  be  rejected. 

Periodical  dental  examination  can  achieve  a  great  deal,  especially  by 
emphasis  on  the  proper  hygiene  of  the  mouth. 
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Whenever  powder  penetraies  into  the  skin  through  an  abrasion  or 
cut,  the  skin  must  be  careiully  washed  in  a  It)  per  cent  aqueous  solution 
of  sodium  thiosulphate,  lair  the  conjunctivitis  a  2  per  cent  solution  of 
this  substance  as  an  eyewash  lias  been  beneficial. 

(3) — Organic  Mercury  Coiiipoiinds 

Fungicidal  dusts  containing  organic  mercury  coinpoiinds  arc  used 
extensively  in  agricuIUirc,  'flicy  may  burn  the  skin.  1’he  methyl  deriva¬ 
tives  of  mercury  attack  tlic  nervous  system  in  a  unique  way.  Methyl 
mercury  iodide  (GlI.jIHg)  is  a  typical  compound  of  the  series.  Seed 
disinfectants  containing  organic  mercury  compounds  as  their  fungicidal 
basis  are  used  extensively  in  fanning  to  prevent  certain  smut  diseases 
of  cereals.  For  some  years  mercurial  derivatives  of  the  phenyl  and 
tolyl  series  have  been  inanuraclurcd  without  any  inishapi  worse  than 
an  occasional  burn  on  tlic  skin.  Fhnir  cases  have  liccn  studied  of 
poisoning  by  inhalation  of  methyl  mercury  compounds  (I  luntcr,  Bom- 
ford,  and  Russell,  I939).  Salivation,  stomatitis,  tremor,  and  erethism 
were  absent  but  the  nervous  system  was  involved  in  a  uniciiic  way. 
There  was  severe  gcnerali/cd  ataxy,  dysarthria,  and  a  gross  constriction 
of  the  fields  of  vi.sion,  memory  and  intelligence  being  iinatrccted.  In 
severe  cases  the  patients  renuiincd  crippled,  unable  to  stand  or  to  speak 
intelligibly.  Rats  and  monkeys  exposed  to  the  vapour  of  methyl  mercury 
iodide  became  ataxic.  Histological  studies  showed  myelin  degeneration 
in  the  peripheral  nerves  and  particularly  in  the  posterior  roots  and 
dorsal  columns. 

In  the  manufacture  of  organic  mercury  cmnpomuls  elaborate  pre¬ 
cautions  must  be  taken  to  prevent  contact  with  tlic  skin  or  inhalation. 
The  use  of  gloves  and  respirators  is  not  eiunigli.  I’hc  whole  process  of 
raaiiufacturc,  including  the  final  packing  of  the  dusts,  must  he  carried 
out  mechanically  in  closed  apparatus.  The  larmer  should  be  proleclcd 
both  by  warnings  that  mercurial  dressings  are  poisonous  and  by 
scliemes  whereby  he  can  obtain  Irom  the  seed  merchant  seed  already 
dressed.  The  seed  merchant  must  dress  the  seed  in  a  completely  dosed 
apparatus. 

The  ataxy  and  dysarthria  of  methyl  mercury  poisoning  must,  be 
treated  by  re-educative  movements,  persuading  the  patient  to  walk  on 
chalked  lines.  An  expert  in  charge  of  a  speech  clinic  with  grcjit  patience 
and  the  use  of  a  mirror  should  leach  the  patient  to  speak.  With  great 
perseverance  in  some  cases  the  workman  may  be  taught  to  use  knife 
and  fork,  a  pencil,  and  even  a  typewriter. 

6.--SILYER 

1532.]  Silver  is  not  poisonous  in  the  ordinary  sense  of  the  word.  The 
dust  of  the  metal  or  its  salts  once  absorbed  becomes  precipitated  in  the 
tissues  in  the  metallic  state  and  in  this  form  it  cannot  be  eliminated. 
Reduction  to  the  metallic  state  takes  place  cither  by  the  action  of  light 
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on  the  exposed  parts  of  the  skin  and  visible  mucous  membranes  or  by 
means  of  sulphuretted  hydrogen  in  other  tissues. 

Occupations  involving  the  risk  of  argyria  can  be  divided  into  two  Generalized 
groups:  (i)  including  workmen  who  handle  a  compound  of  silver,  either  localized 
the  nitrate,  fulminate,  or  cyanide  which,  broadly  speaking,  give  rise 
to  generalized  argyria  from  inhalation  and  ingestion  of  the  silver  salt 
concerned;  (ii)  including  workmen  who  handle  metallic  silver,  small 
particles  of  which  accidentally  penetrate  the  exposed  skin  giving  rise 
to  local  argyria  by  a  process  equivalent  to  tattooing. 

(1) — Generalized  Argyria 

Occupations  giving  rise  to  generalized  argyria  include  the  manufacture  Occupations 
of  silver  nitrate,  the  wrapping  of  lunar  caustic  pencils,  Christmas- 
cracker  making,  the  silvering  of  glass  beads,  mirror  plating,  electro¬ 
plating,  and  photography. 

Schubert  in  1895  reported  two  cases  of  generalized  argyria  occurring  Silvering  of 
in  glass-bead  silverers  in  Bohemia.  Their  occupation  consisted  of 
stringing  the  beads  together,  dipping  them  into  a  reducing  solution 
such  as  lactose,  and  then  sucking  a  silver  compound  into  them.  A 
small  glass  tube  3  to  4  cm.  long  was  used  for  sucking  up  the  silver 
compound,  which  consisted  of  a  solution  of  silver  nitrate,  ammonia, 
and  potassium  hydroxide.  Unless  very  careful,  the  workers  sucked  up 
some  of  the  solution  into  their  mouths,  and  although  they  used  a 
saline  mouth-wash  a  bitter  taste  remained. 

The  use  of  silver  fulminate  in  the  manufacture  of  Christmas  crackers  Christmas- 
involves  a  risk  to  the  eyes  and  to  the  skin.  When  an  operator  makes 
by  hand  the  detonators  of  the  crackers,  she  takes  two  narrow  strips 
of  card,  already  sanded  and  stuck  together,  applies  powdered  silver 
fulminate  around  the  sanded  part,  and  wraps  a  strip  of  tissue  paper 
round  it  to  ajfford  protection. 

Lewin  (1886)  mentioned  one  case  of  generalized  argyria  occurring  in  Manufacture 
a  silver  nitrate  worker  in  Berlin  who  for  twenty-five  years  handled 
crystals  with  bare  hands.  In  1927  Larsen  working  in  Frankfurt  investi¬ 
gated  five  silver  nitrate  workers  showing  generalized  argyria.  In  this 
cQuntry  generalized  argyria  occurring  in  the  manufacture  of  silver 
nitrate  has  practically  disappeared.  In  1 935  Barker  and  Hunter  described 
six  cases,  five  of  whom  had  been  occupied  in  making  silver  nitrate 
and  the  sixth  worked  in  a  silver  nitrate  packing  room. 

The  process  causing  disfigurement  in  these  men  was  abolished  for 
technical  reasons  in  1926  and  a  method  substituted  which  is  not  only 
less  wasteful  but  also  less  harmful  to  the  workmen  (see  p.  144).  Formerly 
finely  divided  silver  was  dissolved  in  nitric  acid  in  open  dishes  of  porce¬ 
lain  or  platinum  standing  over  gas  burners.  Each  dish  held  50  ounces 
of  silver  and  there  were  as  many  as  thirty  of  them  in  one  room.  The 
dishes  were  covered  by  sloping  glass  hoods  connected  with  pipes  leading 
to  a  shaft.  No  mechanical  exhaust  system  existed.  When  the  acid  was 
poured  on  to  the  silver  the  room  was  filled  with  dense  fumes.  The 
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burners  were  lit  under  the  dishes,  and  when  the  mixture  had  evaporated 
to  a  certain  specific  gravity  it  was  poured  into  other  porcelain  pans 
and  left  overnight.  This  pouring  caused  much  splashing,  against  which 
neither  leather  nor  rubber  gloves  afforded  complete  protection.  Next 
day  the  mother  liquors  were  poured  off,  leaving  the  crystals  of  silver 
nitrate  to  dry.  The  crystals  were  then  broken  up,  washed  with  distilled 
water,  and  placed  in  drying  ovens.  The  door  of  the  oven  was  opened 
from  time  to  time  and  the  crystals  were  broken  up.  This  process  some¬ 
times  caused  silver  nitrate  to  spatter  over  the  faces  of  the  workmen. 
The  crystals  were  then  sifted  through  a  line  sieve  with  the  result  that 
fine  particles  of  silver  nitrate  were  present  in  the  atmo.sphcre  for  long 
periods. 

Workers  affected  by  generalized  argyria  are  called  by  their  fellow- 
workers  ‘blue  men’.  The  face,  forehead,  neck,  hands,  and  forearms 
are  of  a  dark  slaty-grey  colour,  uniform  in  distribution  and  varying  in 
depth  according  to  the  degree  of  exposure.  Palo  scars  up  to  about  6  mm. 
across  may  be  found  on  the  face,  hands,  and  forearms,  due  to  the  caustic 
effects  of  silver  nitrate.  The  conjunctivae  vary  from  slight  discoloration 
to  a  deep  brown  colour,  the  lower  palpebral  portion  being  particularly 
affected.  The  posterior  border  of  the  lower  lid,  the  caruncle,  and  the 
plica  semilunaris  are  deeply  pigmented  and  may  be  almo.st  black.  The 
finger  nails  are  a  deep  chocolate-brown  colour.  The  buccal  mucosa 
is  slaty-grey  or  bluish  in  colour.  Very  slight  pigmentation  may  be 
detected  in  the  covered  parts  of  the  skin.  The  toe  nails  may  show  a 
slight  bluish  discoloration. 

Workers  who  silvered  glass  beads  developed  fissures  around  the  lips 
and  in  the  mouth  generally,  and  the  teeth  were  slated  to  become  black 
within  eight  days,  gradually  to  soflen,  to  break  to  pieces,  and  to  come 
out  painlessly  within  a  few  years.  The  tongue  showed  the  earliest  sign 
of  pigmentation.  The  first  discoloration  of  the  skin  began  throe  or  four 
years  after  beginning  the  work.  Oh  ri.stmas-cracker  makers  first  developed 
conjunctivitis  accompanied  by  pain  and  lacrimation,  and  secondly  a 
permanent  pigmentation  of  the  conjunctiva  (Bridge). 

At  necropsy  cases  of  generalized  argyria  arising  in  industry  show  grey 
pigmentation  of  the  skin,  buccal  and  nasal  mucosiio,  larynx,  Iracliea, 
bronchi,  endocardium,  intima  of  large  clastic  arteries  and  great  veins, 
intermediate  zone  of  kidneys,  ureters,  bladder,  testes,  cpididymes, 
mesenteric  glands,  and  choroid  plexus. 

It  is  almost  certain  that  the  modern  methods  used  in  handling  silver 
compounds  in  industry  have  abolished  generalized  argyria.  Now  that 
glass  beads  are  made  and  silvered  by  machinery  argyria  has  disappeared 
from  Bohemia  (Teleky).  Similarly  argyria  is  no  longer  seen  in  Chrislmas- 
cracker  makers. 

In  the  up-to-date  manufacture  of  silver  nitrate,  silver  and  concentrated 
nitric  acid  are  mixed  in  a  closed  apparatus  on  the  top  floor  of  the 
works.  The  solution  of  silver  nitrate  is  passed  by  pipes  to  the  floor 
below  where  it  is  concentrated  in  an  apparatus  known  as  the  film  steam 
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evaporator  which  consists  of  a  series  of  tubes  made  of  stainless  steel, 
gazetted  with  steam,  and  forming  a  closed  system.  Its  use  has  entirely 
replaced  the  method  of  evaporation  in  open  dishes  which  in  the  past 
so  often  caused  occupational  argyria. 

The  process  of  making  silver  nitrate  has  not  altered  since  the  begin¬ 
ning  of  the  19th  century;  as  a  result  of  the  increase  of  the  photographic 
industry,  however,  the  work  done  by  the  packers  has  been  doubled 
since  1918.  In  the  weighing  and  packing  room  crystalline  silver  nitrate 
is  made  into  packets  which  may  contain  from  15  to  600  ounces.  When 
the  workman  shoots  the  material  into  bags  from  a  folded^  piece  of 
paper  like  a  grocer  weighing  sugar  he  creates  a  dust  which  loads  the 
atmosphere  continuously  with  finely  divided  particles  of  silver  nitrate. 

(2) — ^Localized  Argyria 

In  localized  argyria  the  workman  handles  metallic  silver,  small 
particles  of  which  accidentally  penetrate  the  exposed  skin  surface 
giving  rise  to  small  pigmented  lesions  by  a  process  equivalent  to 
tattooing.  The  occupations  responsible  are  the  filing,  drilling,  hammer-  Occupations 
ing,  turning,  engraving,  polishing,  forging,  soldering,  and  smelting  of 
silver. 

The  left  hand  is  more  affected  than  the  right  and  the  pigmentation  Clinical 
occurs  at  the  site  of  injuries  from  instruments.  Many  of  these,  such  as 
engraving  tools,  files,  chisels,  and  drills,  are  sharp  or  pointed  and  are 
liable  to  produce  skin  wounds.  The  piercing  saw,  an  instrument 
resembling  a  fret  saw,  may  break  and  run  into  the  worker’s  hand.  If 
the  file  slips  the  worker  may  injure  his  hand  on  the  silver  article  on 
which  he  is  working;  this  is  especially  the  case  with  the  prongs  of  forks. 

A  man  drawing  silver  wire  through  a  hole  in  a  silver  draw-plate  gets 
splinters  of  silver  in  his  fingers.  The  pigmented  points  vary  from  tiny 
specks  to  areas  2  mm.  in  diameter  or  more.  They  may  be  linear  or 
rounded  and  in  varying  shades  of  grey  or  blue. 

The  use  of  gloves  is  usually  impracticable.  The  tattoo  marks  remain  Treatment 
for  life  and  cannot  be  removed. 

7.-MANGANESE 

1533.]  Manganese  is  obtained  mainly  from  pyrolusite  (manganese  Uses  of 
peroxide)  of  which  the  ores  contain  30  to  90  per  cent.  The  metal  is 
little  used  except  in  the  preparation  of  manganese  steel.  The  dioxide  is 
the  starting  point  in  the  manufacture  of  all  manganese  preparations. 

It  is  much  used  in  the  manufacture  of  dry  batteries  and  in  the  pottery, 
soap,  and  colour  industries. 

In  1837  Couper  described  two  severe  cases  of  poisoning  in  men 
employed  in  grinding  manganese  peroxide  in  the  manufacture  of 
bleaching  powder.  These  men  had  spastic  weakness  of  the  lower  limbs 
with  an  unsteady  gait.  The  arms  were  less  affected,  and  there  were 
no  tremors.  This  early  observation  was  overlooked,  and  in  1901  von 
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Tnlfsch  described  three  cases  resembling  disseminated  sclerosis  m  men 
manganese  dioaide.  In  1919  Edsall,  W.lbur  and 
Drfnker  published  an  article  on  manganese  poisoning  resulLing  bom 
inhalation  of  manganese  dust  in  a  separating  mill.  The  lust  cases 
Momized  in  England  were  reported  b,  Charles  in  1922.  The  men  had 
been^ exposed  to  the  dusts  of  manganese  ores  from  nine  months  o 
three  years  and  had  been  incapacitated  for  work  from  three  to  ive 

^Cases  have  been  seen  from  the  inhalation  of  excessive  amounts  ot 
dust  in  the  grinding,  sieving,  and  packing  of  manganese  ores  and  m  ^  re 
manufacture  of  manganese  steel  in  which  the  manganese  is  lust  lust 
Tan  ^  Up  to  1935  no  case  had  been  recognized  in  the 

British  Isles  in  the  manufacture  ot  dry  battei  les  (Budge). 

The  symptoms  and  signs  include  languor  and  sleepiness,  low  mono¬ 
tonous  vdce,  mask-like  facies,  involuntary  movements  varymg  m 
degree  from  a  fine  tremor  of  the  hands  to  gross  rhythmical  movements 
of  the  arms,  legs,  trunk,  and  head,  cramps  in  the 

and  propulsion, unsteady  gait,  and  occasionally  uncontiollablc  kuightti 
or  crying.  There  is  no  disability  except  in  the  nervous  system  and 
although  men  seriously  poisoned  are  lilclong  ^ 

is  not  lethal.  Susceptible  individuals  are  lew.  All  thicc  ol  inc  cases 
reported  by  CharleJ  had  a  history  of  increasing  loss  ol  strength  and 
showed  a  spastic  paralysis  of  the  lower  limbs,  immobility  ot  the  ace, 
"oioC  Ul.  The  .lun  w.rb  all  a.ivo  a.  th.  Uniu  ul  wnling 
but  were  all  completely  disabled  by  the  spastic  paialysis.  Chailc, 
agreed  to\he  si nallarity  between 

and  progressive  lenticular  degeneration,  except  that  in  mangant. 
poisoning  the  condition  remains  stationary  or  improves  when  exposuic 

to  manganese  dusts  ceases.  ai>„,„,rtr'Uive 

Histological  studies  on  necropsy  material  liavc  shown  ^‘^hc  ual  v 

lesions  of  the  nerve-cells,  particularly  in  the  f 
lenticular  nucleus,  and  the  cordate  nucleus.  Ihc  lad 
been  found  in  the  liver  makes  still  closer  the  comic  i 
poisoning  by  manganese  and  progressive  lenticular  ^  ■ 

In  1924  Mella  produced  manganese  poisoning  expeiimcntal ly  n  c  u 
monkeys  by  administering  every  day  for  a  period  ol  ciglhccn  ntL 
manganese  chloride  by  intrapcritoncal  injection  I  he  J 

choreic  movements,  passed  into  astalc  ol  iigidily,  anc  >  y  j 

tremor  resembling  paralysis  agitans.  Gross  morbid 
in  three  animals  in  the  lenticular  nucleus  and  the  liver  ^csc  expen 
ments  afford  an  explanation  of  the  symptoms  m 

described.  The  extrapyramidal  motor  system  ii,  i}un\y  \  ,  J 

the  poison,  hence  the  rigidity,  difficult  gait,  rctropulsu  n,  pi  opuhion, 
mask-like  facies,  sleepiness,  tremor,  and  uncontrollable  ^  ■ 

Manganese  poisoning  can  be  prevented  by  wearing  . 

ever  dusts  or  vapours  are  encountered.  Personal  hygiene  is  important 
and  the  worker  must  wear  protective  clothing  and  gloves,  since  the 
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occurrence  of  skin  absorption  is  established.  Local  exhaust-ventilation 
should  be  applied  both  at  the  furnaces  to  remove  fumes  and  at  the 
packing  and  sieving  apparatus  to  remove  dust.  These  measures  are 
attended  with  good  results,  for  it  has  been  found  that  when  they  were 
applied  in  one  particular  factory  they  removed  all  risk  of  poisoning 
encountered  by  the  workers  over  a  period  of  five  or  six  years. 


8.-TOXIC  GASES 

1534.]  The  effects  of  toxic  gases  are  best  classified  on  a  physiological  Physiological 
basis.  They  include  simple  asphyxiants,  chemical  asphyxiants,  irritant 
gases,  and  inorganic  and  organo-metallic  gases.  The  irritant  gases 
are  potent  poisons,  and  since  they  are  irrespirable  workmen  exposed 
to  them  fly  for  their  lives  so  that  fatalities  are  rare.  Gases  such 
as  carbon  monoxide  and  arseniuretted  hydrogen  are  non-irritant, 
tasteless,  odourless  compounds  and  victims  exposed  to  them  may  be 
overcome  without  even  suspecting  danger.  Although  intrinsically  one 
gaseous  poison  may  be  more  toxic  than  another,  a  greater  rate  of 
volatility  may  make  the  less  poisonous  one  the  more  dangerous. 

Marvellous  rescues  are  often  made  by  workmen,  foremen,  and  managers, 
but  courage  is  not  enough  unless  combined  with  skill,  training,  and 
practice. 

Workshops  must  be  adequately  ventilated.  No  person  should  be  Prophylaxis 
allowed  to  work  single-handed  in  a  place  where  exposure  is  anticipated. 

In  certain  circumstances  the  worker  must  wear  an  apparatus  consisting 
of  an  oro-nasal  mask  connected  to  a  hose  led  out  to  uncontaminated 
air  (see  Fig.  5).  Life-belts  should  be  provided  for  rescue  purposes,  and 
a  reviving  apparatus  consisting  of  a  cylinder  containing  a  mixture  of 
93  per  cent  oxygen  and  7  per  cent  carbon  dioxide  with  the  necessary 
valves,  tubing,  flexible  bag,  and  mask.  This  apparatus  should  be  in 
charge  of  not  less  than  three  persons,  adequately  instructed  in  its  use. 

At  least  once  a  month  the  equipment,  especially  the  rubber  parts, 
should  be  examined  by  them,  and  the  workmen  should  be  practised 
in  rescue  drill,  including  artificial  respiration  and  the  use  of  the  appli¬ 
ances  provided.  It  cannot  be  too  strongly  insisted  that  respirators 
designed  to  protect  the  wearer  against  inhalation  of  dust  are  of  no 
avail  as  a  protection  against  toxic  gases.  Reliance  on  a  folded  handker¬ 
chief  has  cost  many  a  rescuer  his  life.  The  Schafer  method  of  artificial 
respiration  has  gradually  superseded  all  others;  the  technique  is 
described  in  Vol.  lY,  p.  238. 

The  treatment  of  victims  overcome  by  the  different  gases  described 
will  vary  somewhat  with  the  gas.  No  mistake  will  be  made  if  the  victim 
is  removed  immediately  from  the  source  of  poisoning  and  kept  quiet 
and  warm.  The  first  and  immediate  consideration  is  the  restoration  of 
breathing,  and  the  oxygen-carbon  dioxide  mixture  must  be  administered 
whenever  respiratory  difficulty  is  apparent.  Those  responsible  for  rescue 
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work  must  be  especially  warned  of  the  danger  of  exposing  gassed 
persons  to  cold  and  of  walking  them  up  and  down.  They  must  realize 
that  rest  and  warmth  are  essential  in  treatment  and  that  the  patient 
must  be  wrapped  in  dry  blankets  and  provided  with  hot-water  bottles. 
It  is  particularly  important  to  keep  the  victim  quiet  if  the  offending 


Fxg.  5.— Breathing  apparatus  for  use  in  irrespinible  atmospheres;  it  consists  ot 
an  oro-nasal  mask  connected  to  a  hose,  the  free  end  of  which  is  led  out  into 

uncoBtaminated  air 

gas  is  one  of  the  irritant  group,  e.g.  nitrous  fumes,  chlorine,  and 
phosgene,  until  it  is  certain  that  pneumonia  is  not  going  to  f  ollow  the 
exposure. 

(1)— Simple  Asphyxiants:  Carbon  Dioxide 

Gases  like  carbon  dioxide  and  nitrogen  cause  death  fToni  simple 
"  asphyxia  through  deprivation  of  oxygen.  Carbon  dioxide  (carbonic 
:■  acid  gas,  GO2)  is  a  colourless  and  inodorous  gas  which  is  present  in 
...'.smair quantities  in  outside  air  but  in  very  large  quantities  in,  certain 
gaseous  emanations  from  volcanoes  and  in  grottoes.  It  is  produced  in 
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industry  by  decomposing  the  natural  carbonates  by  means  of  acids.  Production 
by  calcining  stone  to  lime,  by  burning  coke,  charcoal,  or  heavy  hydro¬ 
carbons,  and  by  the  fermentation  of  sugar.  Liquid  carbonic  acid  is  sold 
in  cylinders,  and  solidified  carbon  dioxide  in  the  form  of  a  white  mass 
like  snow  is  readily  obtained  by  rapid  evaporation  of  the  liquid.  Carbon  Industrial 
dioxide  is  used  in  the  manufacture  of  alkaline  salts,  beer,  effervescing 
drinks,  sugar,  white  lead,  and  chemical  manures;  for  sterilizing  organic 
liquors;  as  a  fire  extinguisher;  to  produce  cold  industrially;  to  pre¬ 
serve  perishable  products,  such  as  milk,  eggs,  butter,  and  raisins;  to 
make  freezing  mixtures;  in  histological  and  medical  work;  and  in  the 
chemical  and  rubber  industries.  Danger  of  exposure  to  carbon  dioxide  Industrial 
mainly  occurs  in  mines,  tunnels,  and  caissons,  in  fermenting  vats  in 
breweries,  in  mineral-water  factories,  wells,  tanks,  ships’  holds,  coke 
ovens,  boilers,  and  agricultural  silos,  and  at  lime  kilns.  It  is  often  found 
mixed  with  more  poisonous  gases,  for  example  in  sewer  gas,  lighting 
gas,  industrial  gases,  products  of  combustion,  explosives,  and  acetylene 
gas.  Under  these  conditions  it  may  be  carbon  monoxide  or  sulphuretted 
hydrogen,  rather  than  carbon  dioxide,  which  constitutes  the  main  danger. 

The  permissible  maximum  of  carbon  dioxide  in  domestic  premises  is  Clinical 
one  part  by  volume  to  one  thousand  parts  of  air.  A  proportion  of  1  to  3 
parts  per  cent  of  air  is  considered  as  directly  harmful,  though  2  per 
cent,  which  was  common  long  ago  in  the  fermenting  vats  in  breweries, 
did  not  produce  acute  symptoms  in  the  workmen  employed  there.  A 
proportion  of  3  per  cent  suffices  to  induce  dyspnoea  with  slight  head¬ 
ache;  if  the  proportion  is  from  5  to  6  per  cent  the  dyspnoea  is  pro¬ 
nounced  and  accompanied  by  headache  and  sweating;  a  proportion  of 
10  per  cent  for  a  minute  only  sets  up  headache,  visual  disturbances, 
tinnitus,  tremor,  and  loss  of  consciousness.  The  victim  of  carbon  dioxide  Symptomatic 
poisoning  rapidly  becomes  unable  to  stand  and  passes  into  coma.  He 
must  be  kept  warm  and  treated  by  administration  of  a  mixture  of  93 
per  cent  oxygen  and  7  per  cent  carbon  dioxide. 

Generally  the  mere  lowering  of  a  lighted  candle  into  fermenting  Prevention 
vats  prior  to  cleaning  or  into  wells  and  ships’  holds  would  suffice  as  a 
precaution,  extinction  of  the  light  indicating  an  irrespirable  atmosphere. 

All  such  operations  could  be  rendered  safe  by  wearing  a  breathing 
apparatus  consisting  of  an  oro-nasal  mask  with  tube  connexion  to  the 
outside  atmosphere. 

(2) — Chemical  Asphyxiants 

Carbon  monoxide,  sulphuretted  hydrogen,  and  hydrocyanic  acid  gas 
act  chemically.  They  have  a  specific  and  prompt  asphyxiant  action  and 
are  classified  as  chemical  asphyxiants  and  not  as  simple  asphyxiants. 

(a)  Carbon  Monoxide 

Water  gas,  power  gas,  producer  gas,  and  blast-furnace  gas  may 
contain  as  much  as  25  per  cent  of  carbon  monoxide  (CO).  This  figure 
is  of  great  importance  since  air  containing  more  than  one  part  per 
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tlio’usH-iid.  cntEils  dcin^cr  to  lit©,  in  recent  yccirs  tlicic  hds  been  d  grcdt 
increase  i:n.  the  .manufacture  and  use  of  these  gases  for  driving  gas 
engines,  heating  furnaces  and  boilers,  and  welding  and  soldering. 
Accidents  occur  amongst  workmen  on  blast  furnaces  and  amongst 
persons  charging,  cleaning,  and  repairing  generating  plants.  Countless 
other  occupations  also  involve  a  risk,  and,  even  persons  working  in, 
offices  may  be  poisoned  by  unsuspected  escapes  1 1  oin  undei  giounci  Hues. 
The  initial  symptoms  include  giddiness,  a  sense  of:  oppression  in 
the  chest,  and  loss  of  power  in  the  lower  limbs,  the  patient  falling 
to  the  ground  unconscioiis.  Strict  preventive  measures  must  be  applied, 
regulating  structural  conditions  in  such  a  way  as  to  obviate  unneces¬ 
sary  risk.  A  competent  person  should  be  made  responsible  lor 
inspecting  the  plant  concerned  at  stated  short  intervals.  He  should 
see  there  is  no  leakage  and  should,  be  made  to  keep  a  signed  and,  dated 
record  of  such  inspection.  ISo  person  should  be  allowed  lo  work  single- 
handed  in  a  place  where  exposure  is  to  be  anticipated  and  all  the 
precautionary  measures  enumerated  on  page  147  observed. 

Warmth  is  essential  in  treatment.  The  patient  should  be  wrapped  in 
dry  blankets  and  provided  with  hot- water  bottles.  Rest  is  absolutely 
necessary.  The  first  and  immediate  consideration  is  the  restoration,  of 
breathing,  and  the  second  the  promotion  of  warmth  and  circulation. 
The  use  of  the  oxygen-carbon  dioxide  mixture  is  of  great  value.  Hender¬ 
son  and  Haggard  (1922)  showed  that  the  blood  of  a  man  gassed  wiUi 
carbon  monoxide  up  to  35  per  cent  and  to  a  50  per  cent  haemoglobin 
saturation  could  be  brought  down  to  15  per  cent  saturation  in  thirty 
minutes  when  the  patient  inhaled  the  oxygen-carbon  dioxide  mixture. 
The  same  men,  gassed  to  co,mpa,rable  saturations,  were  relieved  very 
slowly  when  oxygen  alone  was  inhaled. 

After-effects  arc  headache,  cough,  depression,  and  prostration.  A 
simple  test  can  be  employed  to  prove  the  presence  of  carbon  monoxide 
in  the  blood.  A  greatly  diluted  solution  ol  the  suspected  sample  is 
compared  with  that  of  normal  blood  similarly  diluted.  The  latter  is 
yellow  whereas  blood  containing  even  very  small  traces  ol  carboxy- 
haemoglobin  is  pink.  When  the  proportion  of  carbon  monoxide  in  the 
blood  is  more  than  40  per  cent  of  saturation  spectroscopic  examina¬ 
tion  affords  a  confirmatory  test  (see  Vol.  11,  Plate  VI,  facing  p.  499). 

{b)  Sulphur ett eel  Hydrogen 

Sulphuretted  hydrogen  (hydrogen  sulphide,  H^S)  is  a  colourless  gas 
with  a  nauseating  smell.  Poisoning  may  occur  when  it  is  present  to  the 
extent  of  one  part  per  thousand  of  the  air  breathed,  but  some  individuals 
are  susceptible  to  as  little  as  one  part  per  10,000. 

Hydrogen  sulphide  is  given  off"  in  many  industrial  operations,  the 
,' chief  of  which'  are:  the  spinning  of  artificial  silk  manufactured  by  the 
viscose. process;  the  cleaning  out  of  stills  in,  tar  works;  the  manufacture 
of' , ammonium .■,sulphate  and  sodium  sulphide;  and  work  in  sewers, 
sugar  manufacture,  tan-yards,  and  brewing. 
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Inhalation  of  a  large  dose  causes  almost  instantaneous  death,  the  Clinical 
patient  falling  dead  often  without  a  sound  as  if  struck  with  a  blow. 

In  such  cases  the  poison  acts  directly  on  the  central  nervous  system. 

Hydrogen  sulphide  does  not  unite  with  haemoglobin  but  forms  an 
alkaline  sulphide  in  the  plasma.  Inhalation  of  small  doses  causes  head¬ 
ache,  nausea,  depression,  and  conjunctivitis  with  lacrimation. 

In  treatment  artificial  respiration  should  be  combined  with  administra-  Treatment 
tion  of  a  mixture  containing  93  per  cent  oxygen  and  7  per  cent  carbon 
dioxide.  In  prevention  strict  requirements  should  be  laid  down  in  the 
case  of  men  entering  apparatus  such  as  a  tar  still  where  there  is  reason 
to  fear  the  presence  of  the  gas.  A  responsible  person  should  see  that 
workmen,  and  if  need  be  the  rescuers,  wear  a  life-belt  with  the  free  end 
of  the  rope  in  charge  of  two  men  outside  whose  sole  duty  it  is  to  keep 
watch  and  to  draw  out  the  wearer  if  he  appears  to  be  alfected  by  the  gas. 

(c)  Hydrocyanic  Acid 

Hydrocyanic  acid  (HCN)  is  obtained  from  the  cyanogen  compounds 
contained  in  illuminating  gas.  Where  it  is  manufactured  and  handled 
precautions  should  be  taken  against  its  escape.  This  applies  also  to 
chemical  laboratories.  Some  danger  occurs  in  the  following  procedures:  Occupajwns 
incomplete  combustion  of  organic  nitrogen  compounds,  exposure  of  ™ 
cyanides  to  the  air,  decomposition  of  metallic  cyanides,  gilding  and 
silvering  of  lace  work,  stamping  of  fabrics  by  means  of  Prussian  blue, 
manufacture  of  sulphocyanide  and  fulminate  of  mercury,  preparation 
of  oxaUc  acid  by  treating  wood  ashes  with  nitric  acid,  extraction  of 
phosphoric  acid  from  bones,  electro-plating,  and  the  manufacture  of 
soda  by  the  Leblanc  process.  In  view  of  the  wide-spread  use  of  hydro¬ 
cyanic  acid  for  the  fumigation  of  ships  and  houses,  strict  regulations 
must  be  enforced  in  handling  it.  Permission  to  enter  places  which  have 
been  fumigated  should  depend  essentially  on  the  ventilation  that  can 
be  secured  (see  p.  85).  For  clinical  picture  and  treatment  of  poisoning 
see  page  87. 

(3) — ^Irritant  Gases 

Nitrous  fumes,  chlorine,  phosgene,  fluorine,  hydrofluoric  acid,  sulphur 
dioxide,  and  ammonia  all  belong  to  this  group.  Some  of  them  are 
very  soluble  in  water  and  in  the  body  fluids  whereas  others,  such  as 
chlorine,  are  less  soluble.  All  of  them  are  irrespirable  in  any  but  very 
low  concentrations  and  many  cause  immediate  irritation  resulting  in 
coughing  and  sneezing.  The  soluble  gases,  such  as  ammonia,  cause 
an  immediate  oedema  in  the  upper  respiratory  passages  whereas  the 
insoluble  gases,  such  as  chlorine  and  phosgene,  are  more  hkely  to 
produce  a  dangerous  oedema  of  the  lung  which  may  not  be  apparent 
for  some  twelve  to  thirty-six  hours  after  exposure. 

(a)  Nitrous  Fumes 

Nitrous  oxide  (NjO),  the  anaesthetic,  is  not  poisonous  though  in  the  Nitrous 
absence  of  oxygen  or  when  oxygen  is  present  in  inadequate  proportions 
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it  acts  as  a  simple  asphyxiant.  Nitric  oxide  (NO)  is  oxidized  in  contact 
with  air  to  nitrogen  peroxide  (NO.j  and  NaO^)  forming  the  well  known 
orange-yellow  or  reddish-brown  fumes,  so-called  nitrous  fumes.  These 
are  given  off  from  fuming  nitric  acid  and  are  Ibrmed  when  the  acid 
acts  on  organic  substances  or  metals.  They  are  exceedingly  dangerous 
if  inhaled  in  more  than  minimal  quantities.  This  difference  in  action 
between  the  different  oxides  is  due  to  the  fact  that  nitrous  oxide  is 
inert  in  contact  with  the  respiratory  tract  whereas  nitrous  fumes  in 
contact  with  moisture  form  nitric  and  nitrous  acids,  which  are  severe 
irritants. 

Since  nitrous  fumes  can  be  breathed  with  only  slight  inconvenience 
in  concentrations  which  wilt  cause  a  fatal  oedema  of  the  lungs  after 
an  exposure  of  half  to  one  hour,  and  since  the  least  concentration  of 
the  gas  which  will  provoke  coughing  is  very  little  less,  the  margin  ot 
safety  between  appreciation  of  the  risk  and  exposure  to  real  danger 
is  very  small.  Moreover,  the  initial  irritation  soon  passes  off  and  the 
worker  feels  well  and  is  in  no  apprehension  that  he  may  be  in  a  critical 
condition  in  a  few  hours.  The  gas  therefore  has  most  treacherous  and 
insidious  qualities,  and  but  for  the  distinctive  colour  of  the  fumes  and 
education  of  the  worker  more  fatalities  would  occur. 

The  effects  of  nitrous  fumes  on  the  lungs  are  very  similar  to  those  of 
phosgene  (see  p.  155),  which  forms  hydrochloric  acid  in  the  presence 
of  moisture.  Both  gases  affect  primarily  the  more  delicate  structures 
of  the  lower  respiratory  tract,  in  particular  the  alveoli.  Nitrates  and 
nitrites  are  formed  by  neutralization  of  the  respective  acids  by  the 
local  alkaline  secretions  and  arc  absorbed.  'The  nitrites  so  formed 
cause  some  systemic  effects  but  these  arc  ovcr.shadowcd  in  severe 
cases  by  the  intense  local  reaction.  This  consists  of  an  acute  intlamma- 
tory  extravasation  of  fluid  into  the  alveoli.  The  amount  of  lluid  deter¬ 
mines  the  severity  of  the  case,  since  from  the  lirst  it  interferes  witli 
oxygen  absorption  to  an  increasing  extent  and,  as  it  progresses,  with 
carbon  dioxide  elimination  also.  Thus  in  the  early  stage  there  is  anox¬ 
aemia  with  little  increase  in  the  carbon  dioxide  ccmlent  of  tlic  blood, 
causing  pallor  with  little  cyanosis  or  respiratory  embaiTassnicnt.  'This 
state  of  semi-asphyxia  with  few  signs  and  symptoms  is  acutely  dangerous 
and  explains  the  sudden  deaths  following  trifling  exertion  which  occur 
in  this  stage.  As  the  oedema  develops,  retention  of  carbon  dioxide 
causes  intense  cyanosis  and  air  hunger,  followed  by  grey  cyanosis  as 
the  heart  fails. 

Most  cases  of  industrial  poisoning  occur  in  the  manufacture  of  nitric 
and  sulphuric  acids  and  of  explosives  and  other  nilro-compounds  and 
various  nitrates,  in  the  dipping  of  brass  and  copper  articles  in  nitric 
acid,  and  from  the  breaking  or  upsetting  of  carboys  of  nitric  acid. 
Great  volumes  of  nitrous  fumes  are  also  liberated  by  tlie  slow  burning 
or  incomplete  detonation  of  nitro-explosives  such  as  cordite,  and  in 
the  combustion  of  other  nitrated  bodies,  for  example  celluloid.  In 
such  circumstances  a  large  number  of  people  may  be  affected  at  one 
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time,  as  happened  in  Cleveland,  Ohio,  U.S.A.,  in  1929,  when  over 
a  hundred  fatalities  occurred  after  the  burning  of  a  hospital  store 
containing  a  large  quantity  of  radiographic  films.  Nitrous  fumes  are 
often  evolved  in  electric  welding,  and  when  this  is  carried  out  in 
confined  spaces  fatal  poisoning  has  resulted.  Similarly  in  the  manu¬ 
facture  of  bone  meal  the  use  of  impure  sulphuric  acid  containing  a 
proportion  of  nitric  acid  may  have  the  same  effect. 

Reduction  in  the  ventilation  by  closing  doors  and  windows,  or 
overcrowding  a  work-room  with  additional  plant,  may  so  raise  the 
concentration  of  fumes  as  to  extinguish  a  small  safety  margin.  Thus 
an  electrolytic  metal-stripping  process  using  weak  nitric  acid  was 
worked  for  eight  or  nine  years  without  accident;  during  the  last  two 
years  the  number  of  vats  in  the  room  had  been  increased  from  six  to 
twelve.  The  addition  of  a  thirteenth  vat  resulted  in  three  cases  of 
gassing  during  the  first  morning’s  work. 

Sawdust,  wood  shavings,  or  other  organic  material  should  not  be 
scattered  over  spilt  nitric  acid  as  they  increase  the  evolution  of  fumes 
and  take  fire. 

The  initial  symptoms — ^irritation  of  the  eyes  and  throat,  cough.  Initial 
tightness  of  the  chest,  and  nausea — are  slight  and  may  pass  unnoticed, 
especially  if  the  concentration  of  the  gas  is  low.  Although  a  low 
concentration  will  probably  be  perceived  on  coming  from  outside, 
that  appreciation  is  soon  dulled,  and  symptoms  may  not  become 
obtrusive  until  after  some  hours  in  the  dangerous  atmosphere. 

Usually,  however,  the  presence  of  the  gas  has  been  noted  though 
little  attention  may  have  been  paid  to  it  at  the  time.  This  is  an  important 
diagnostic  point  for  the  practitioner  called  in  later  to  the  unconscious 
patient,  for  the  patient  may  have  mentioned  the  fact  to  a  relative  earlier, 
not  because  he  was  feehng  really  ill  but  rather  because  of  weariness  and 
a  disinclination  for  any  exertion,  using  it  merely  as  an  excuse  for  resting 
at  home. 

The  initial  symptoms  generally  disappear  on  cessation  of  exposure  Latent  period 
and  a  latent  period  ensues,  during  which  the  patient  may  even  return 
to  work.  This  latent  period  varies  from  two  to  twenty  hours;  not 
uncommonly  a  man  finishes  his  day’s  work  and  is  at  home  for  some  time 
before  acute  signs  become  manifest. 

At  the  end  of  the  latent  period  signs  appear.  Their  onset  may  be  Onset 
sudden  and  precipitated  by  exertion.  Cough,  a  feeling  of  constriction 
in  the  chest,  and  difficulty  in  breathing  occur.  As  the  oedema  progresses, 
so  do  the  symptoms;  the  cyanosis  becomes  intense,  the  air  hunger  is 
most  distressing,  and  much  blood-stained  fluid  is  coughed  up.  Uncon¬ 
sciousness  usually  supervenes,  although  it  may  be  long  in  appearing, 
and  then  the  outlook  seems  hopeless.  So  long,  however,  as  there  are 
no  signs  of  failure  of  the  circulation  with  a  thin  soft  irregular  pulse 
and  the  cyanosis  taking  on  a  leaden  hue,  these  patients  tend  to  recover, 
for  the  oedema  begins  to  recede  on  the  second  day  and  thereafter  is 
absorbed  rapidly. 
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Some  victims  beconie  delirious j  the  tenipeiutiire  niciy  be  idiseci  two 
or  three  degrees,  and  a  general  flaccid  paralysis  may  occur.  In  some 
the  picture  when  first  seen  may  be  that  of  pallor  with  a  rapid  feeble 
pulse  and  a  tendency  to  collapse  hut  without  cyanosis  or  breathlessness. 
Some  of  the  milder  cases  may  exhibit  a  picture  ol  acute  bronchitis 
with  severe  cyanosis,  and  others  nausea,  abdcrminal  pain,  and  vomiting. 
Diagnosis  The  earlier  a  diagnosis  is  made  and  appropriate  treatment  started, 
the  better  the  chances  of  recovery,  and,  since  absolute  rest  is  essential, 
a  protracted  examination  must  be  avoided. 

Patients  may  arrive  in  hospital,  simulating  other  diseases^,  such  as 
pneumonia,  acute  bronchitis,  or  cerebral  haenioi  thage,  but  if  a  history 
can  he  obtained  it  is  often  so  characteristic  that  a  diagnosis  can.  be 
made  on  that  alone.  Usually  there  has  been  some  reference  to  gas  or 
fumes  about  the  work-room  which  did  not  trouble  the  patient  much, 
then  the  latent  period  of  some  hours,  followed  by  the  onset  and  pro¬ 
gressive  development  of  the  illness. 

Preventive  Measures  must  be  taken  to  prevent  the  escape  of  fumes  and  to  remove 
treatment  possible  at  the  point  of  origin  by  localized  exhaust 

ventilation.  Danger  must  he  reduced  to  a  minimum  by  special  cfibrls 
to  remove  fumes  before  repairs  to  dangerous  plant  are  attempted. 
Approved  types  of  breathing  apparatus  must  be  provided  and  main¬ 
tained  for  use  when  fumes  are  noted  or  apprehended. 

When  any  reddish  fumes  can  be  seen,  smelt,  or  appreciated  by  the 
conjunctiva  or  throat  there  is  serious  and  imminent  clanger.  All  workers, 
except  those  properly  protected,  should  be  removed  Irom  the  dangerous 
area  immediately.  Spilt  nitric  acid  should  be  hosed  away  with  largo 
quantities  of  water  by  men  protected  by  elficicnt  breathing  apparatus. 
Symptomatic  In  patients  seen  soon  after  exposure  it  may  he  dilTicult  to  decide  how 
treatment  j-nLixch  risk  has  been  run,  In  such  cases  the  patients,  in  spite  ol  protesta¬ 
tions  that  they  are  now  belter  and  able  to  carry  on,  should  be  kept 
under  observation  and  at  rest  for  twenty-four  hours.  Other  persons 
with  or  without  symptoms  known  to  have  been  seriously  exposed  should 
be  removed  to  hospital  lying  Hat.  Absolute  rest  is  essential;  oxygen 
should  be  administered  as  early  as  possible  and  continuously,  except 
for  the  last  five  minutes  in  each  half-hour,  when  it  may  be  stopped  to 
observe  whether  or  not  the  improvement  is  maintained.  If  not,  the 
administration  should  be  rc-started  at  once  and  the  routine  continued 
until  no  adverse  effect  is  noted  on  temporary  cessation.  Administration 
should  be  by  means  of  a  Haldane  mask,  by  nasal  catheter,  or  by  other 
means  which  will  ensure  maximal  efficiency.  The  .rate  of  How  should 
be  3  to  10  litres  per  minute,  the  necessary  amount  being  judged  by  the 
effect  produced,  Venesection  of  patients  with  purple  cyanosis  and  a 
full  pulse  may  give  much  relief  to  an  overloaded  right  heart  but  is 
contra-indicated  in  patients  with  pallor  or  grey  leaden  cyanosis,  thin 
pulse,  and  pulse-rate  over  100,  Rest,  oxygen  early  and  continuously, 
and  venesection  when  indicated  are  the  three  essentials. 
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ip)  Chlorine 

Poisoning  by  chlorine  (Cl)  may  occur  in  the  manufacture  of  alkali 
and  bleaching  powder,  in  the  bleaching  of  flour,  in  dye  works  and 
paper  mills,  and  in  the  breaking  up  of  cylinders  supposed  to  be  empty. 

Chlorine  in  the  air  breathed  to  an  extent  of  only  one  part  per  100,000 
is  highly  injurious  to  man.  Fatalities  in  industry  are  rare,  because  the 
fact  that  the  gas  is  irrespirable  is  so  well  known  that  at  a  big  escape  the 
workers  fly  for  their  lives.  In  prevention,  cylinders,  when  used,  should  Precautions 
be  fixed  outside  the  work-room.  Effective  ventilation  is  required,  and 
the  men  in  charge  of  the  plant  should  be  trained  in  the  use  of  respirators. 

For  clinical  picture  and  treatment  see  Vol.  V,  p.  518. 

(c)  Phosgene 

Phosgene  (carbonyl  chloride,  COClg)  has  been  specially  studied  in 
connexion  with  chemical  warfare.  From  two  factories  in  which  it  was 
manufactured  twenty-seven  cases  of  poisoning  were  reported  in  1917 
and  sixty-nine  in  1918,  mainly  in  workers  engaged  in  repair  work. 

Large  quantities  of  phosgene  are  used  in  the  manufacture  of  aniline  Industrial 
dyes  derived  from  diphenylmethane.  It  is  also  used  in  chemical  industry 
for  transforming  into  chlorides  certain  mineral  oxides  for  obtaining 
anhydrous  oxides  of  certain  acids.  It  is  used  for  preparing  numerous 
other  products,  such  as  arsenic  trichloride,  benzoic  acid,  and  salol. 

Cases  of  poisoning  occasionally  occur  in  chemical  works  as  a  result  of 
accidental  leakage. 

In  industrial  establishments  where  it  is  prepared  or  handled  measures  Precautions 
must  be  taken  to  prevent  the  escape  of  phosgene  from  closed  apparatus 
and  from  piping.  Exhaust  plant  must  be  installed  for  the  withdrawal  of 
fumes  at  their  point  of  origin,  and  adequate  ventilation  is  essential. 

For  emergency  use  gas-masks  connected  through  a  hose  to  a  supply 
of  compressed  air  should  be  installed.  Such  a  hose  must  be  flexible, 
impervious  to  oil  and  petrol,  long  enough  to  reach  all  points  of  potential 
danger,  and  strong  enough  to  be  used  as  a  life  line  if  necessary.  Frequent 
change  of  working  clothes  4s  indispensable,  since  phosgene  readily 
becomes  fixed  in  materials.  The  skin  should  be  frequently  washed,  and 
the  mouth  rinsed  with  an  alkaline  mouth- wash  in  order  to  prevent 
traces  of  phosgene  dissolved  in  the  saliva  from  causing  irritation  of  the 
stomach. 

For  clinical  picture  and  treatment  of  poisoning  see  Vol.  V,  p.  519. 
id)  Fluorine  and  its  Compounds 

Fluorine  (F),  hydrofluoric  acid  (HF),  fluorides,  and  organic  fluorine  Industrial 
compounds  all  find  a  use  in  industry,  mainly  for  etching  glass  and  in 
the  manufacture  of  artificial  fertilizers  and  refrigerants. 

In  the  middle  of  the  19th  century  many  chemists  attempted  the  History  of 
isolation  of  fluorine  from  hydrofluoric  acid  and  more  than  one  paid  l^wstigators 
with  his  life  for  handling  too  often  one  of  the  most  dangerous  of 
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known  chemical  substances.  The  danger  arises  from  the  volatility  and 
extremely  corrosive  nature  of  the  vapour  of  the  anhydrous  acid. 

It  is  said  that  G.  Knox  during  his  early  experiments  on  the  electrolysis 
of  hydrofluoric  acid  lost  permanently  the  use  of  his  voice  and  that 
T.  Knox  nearly  died  of  its  effects  (Louyet).  Humphry  Davy  wrote  that 
he  had  suffered  much  from  the  dangerous  effects  of  hydrofluoric  acid 
and  it  is  said  that  he  abandoned  his  attempts  to  isolate  fluorine  because 
of  the  risk  involved.  Louyet,  who  continued  the  researches  of  the  Knox 
brothers,  described  how  his  own  health  deteriorated  from  using  the 
acid,  and  how  it  caused  him  to  suffer  from  cough  and  haemoptysis. 
According  to  Debray  the  death  of  Louyet  resulted  from  his  work,  but 
no  medical  details  are  available.  In  1869  Nickles  died  from  the  effects 
of  accidentally  inhaling  the  vapour  of  concentrated  hydrolluoric  acid 
(Gore).  In  spite  of  these  deaths  the  search  for  the  fourth  halogen 
went  forward.  In  1886  Moissan  isolated  the  element  fluorine  during 
the  electrolysis  of  a  solution  of  potassium  fluoride  in  anhydrous 
hydrofluoric  acid,  in  an  apparatus  made  wholly  ol  platinum.  In  this 
way  was  solved  one  of  the  most  difficult  chemical  problems  of  modern 
times. 

Fluorine  and  hydrofluoric  acid 

Fluorine  is  a  greenish-yellow  gas  with  a  very  irritating  smell.  It  is 
obtained  by  treating  calcium  fluoride  with  sulphuric  acid.  From  the 
hygienic  point  of  view  it  does  not  often  play  a  direct  part  because  in 
the  atmosphere  it  becomes  converted  into  hydrofluoric  acid.  The  most 
characteristic  property  of  hydrofluoric  acid  i.s  that  of  dissolving  and 
attacking  glass,  acting  energetically  on  silicon  with  which  it  forms 
silicon  fluoride  (SiF*).  In  industries  using  processes  which  give  off 
fluorine  the  atmosphere  contains  fluorine,  hydrolluoric  acid,  and 
silicon  fluoride.  Hydrofluoric  acid  is  conveyed  in  barrels,  tarred  inside, 
or  else  in  metal  receptacles  with  a  leaden  bung.  Lead  or  gutta-percha 
bottles  are  used  for  small  quantities. 

Compounds  of  fluorine  have  recently  been  increasing  in  importance 
in  industry.  Hydrofluoric  acid  is  used  for  clouding  electric-light  bulbs, 
etching  glass,  pickling  metal  and  wire,  and  cleaning  sandstone  and 
marble.  The  fluorides  enter  into  the  composition  of  artificial  fertilizers, 
insecticides,  and  fumigants  used  in  agriculture.  Foil  recently  emphasized 
the  danger  of  poisoning  from  hydrofluoric  acid  in  the  manufacture  ol 
aluminium  by  the  electrolysis  of  cryolite.  Hydrofluoric  acid  is  evolved 
with  hydrofluosilicic  acid  (HaSiF,,)  in  the  superphosphate  industry, 
and  also  in  the  production  of  phosphorus  by  treating  bones  with 
sulphuric  acid  and  in  the  production  of  hydrogen  peroxide. 

Owing  to  their  corrosive  properties  fluorine,  hydrofluoric  acid,  and 
fluosilicic  acid  must  he  handled  with  every  precaution.  The  worst 
danger  arises  from  the  volatility  and  extremely  corrosive  nature  of  the 
vapour  of  anhydrous  hydrofluoric  acid.  The  fluorides  and  fluosilicates 
have  a  toxicity  corresponding  with  their  fluorine  content. 
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Hydrofluoric  acid,  even  when  highly  diluted  with  air,  causes  an  clinical 
intolerable  burning  and  pricking  sensation  in  the  nose,  mouth,  and 
eyes.  The  local  caustic  action  of  fluorine  is  different  on  the  dry  skin 
and  on  the  moist  mucosae  because  in  the  presence  of  water  fluorine 
immediately  forms  hydrofluoric  acid.  Both  substances  if  inhaled  attack 
the  larynx  and  the  trachea,  giving  rise  to  burning  pain  behind  the 
sternum,  cough,  expectoration,  and  even  haemoptysis.  The  ultimate 
result  is  slow  ulceration  of  the  gums,  nasal  mucosa,  larynx,  bronchi, 
and  conjunctivae.  When  strong  concentrations  of  hydrofluoric  acid 
act  on  the  skin  a  vesicular  dermatitis  follows.  There  may  be  necroses 
and  ulcers  which  become  indurated  and  take  a  very  long  time  to  heal. 

Unless  handled  with  extreme  care  it  may  get  under  the  finger  nails 
causing  great  pain,  and  if  a  drop  comes  in  contact  with  this  part  of  the 
skin  prolonged  and  painful  ulceration  is  produced. 

Cristiani  emphasized  the  possibility  of  ingestion  as  a  channel  of 
absorption,  because  fluorine  when  inhaled  adheres  to  the  mucous 
membranes  of  the  upper  respiratory  passages.  It  is  then  either  eliminated 
or  swallowed.  When  exposure  takes  place  over  long  periods  of  time 
to  an  atmosphere  slightly  charged  with  the  vapours  of  fluorine  and 
hydrofluoric  acid  it  is  unlikely  that  chronic  poisoning  would  occur. 

Absorption  in  man  of  fractions  of  a  gram  of  fluorine  can  give  rise 
to  nausea  and  vomiting,  abdominal  pain,  salivation,  pruritus,  and 
diarrhoea.  With  more  than  one  gram  these  symptoms  increase  in 
severity  and  death  supervenes  from  respiratory  paralysis. 

Locally  applied  exhaust  ventilation  should  be  used  to  remove  the  Preventive 
gases  as  near  to  their  point  of  origin  as  possible.  Mechanical  methods 
should  be  substituted  for  hand  labour  wherever  this  is  practicable. 

Otherwise  contact  with  the  dangerous  substances  should  as  far  as 
possible  be  avoided  by  the  use  of  tools,  wearing  gloves,  and  the 
application  to  the  skin  of  lanolin.  Baths  of  hydrofluoric  acid  for  glass 
etching  should  be  hooded  and  arrangements  made  for  efficient  ventila¬ 
tion.  In  the  superphosphate  industry  precautions  must  be  taken  for 
the  withdrawal  of  gases  and  fumes  from  vats,  and  special  care  must 
be  taken  when  these  have  to  be  entered.  Rules  must  be  enforced  as 
to  the  wearing  of  goggles,  respirators,  gloves,  overalls,  and  protective 
footwear.  Workers  must  be  instructed  about  the  dangerous  properties 
of  the  gases  to  which  they  are  liable  to  be  exposed  and  the  precautions 
to  be  taken  to  prevent  their  escape  into  the  workshop.  Pamphlets  and 
posters  giving  a  brief  account  of  the  toxic  properties  of  the  gases 
should  be  posted  up  and  distributed. 

Any  person  injured  by  contact  with  concentrated  hydrofluoric  acid  Symptomatic 
should  be  removed  quickly  and  first  aid  administered.  Immediate 
treatment  is  of  the  first  importance.  The  acid  must  be  diluted  with 
water,  either  by  immersion  or  by  the  use  of  a  hose.  Compresses  of  a 
dilute  solution  of  ammonium  acetate  should  be  applied  to  the  part 
affected  for  ten  minutes.  It  should  then  be  dried  gently  with  cotton-wool 
and  the  surface  covered  with  aseptic  dressings.  When  the  eye  is  affected 
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it  should  be  douched  with  water,  holding  the  eyelid  well  back.  The 
person  who  is  burned  should  not  be  allowed  to  move  the  affected  part. 
In  the  case  of  the  arm  a  sling  should  be  applied;  if  the  legs  are  burned 
a  stretcher  should  be  used.  When  the  mouth  is  affected  it  should  be 
washed  with  an  alkaline  solution  and  oil  applied  over  the  surface.  If 
the  acid  has  penetrated  under  the  nails  solution  of  ammonium  acetate 
should  be  applied,  although  its  use  is  painful. 
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Sodium  almimium  fluoride 

Cryolite  (AlF;,.3NaF)  is  a  rare  mineral  found  in  workable  quantities 
only  in  Greenland.  It  is  a  double  fluoride  of  sodium  and  aluminium 
containing  as  much  as  54  per  cent  of  fluorine.  In  the  crude  state  it  is 
mixed  with  a  considerable  amount  of  quartz.  In  the  vicinity  of  Copen¬ 
hagen  cryolite  is  crushed  and  refined  for  use  in  the  manufacture  of 
aluminium.  After  the  various  accompanying  minerals  are  removed  the 
cryolite  itself  is  ground  down  to  a  suitable  fineness.  Rough  crushing 
is  done  by  means  of  hammers,  finer  crushing  under  rollers.  Conveyance 
between  departments  is  carried  out  partly  by  mechanical  devices,  such 
as  worm-conveyors,  bucket  elevators,  and  chain  transporters.  Cryolite 
is  a  relatively  soft  material  and,  since  it  is  handled  dry,  every  mechanical 
influence  readily  causes  dust.  Crushing,  grinding,  grading,  drying,  and^ 
all  handling  of  fine-grained  material  produce  dust.  The  conveyance  of 
dry  material  throughout  the  factory  buildings  results  in  the  dust  hazard 
being  communicated  more  or  less  to  all  work-rooms  and  thereby  to  all 
workers  in  the  factory  (Roholm,  1937). 

Mdller  and  Gudjonsson  examined  seventy-eight  employees,  all  of 
whom  had  been  working  in  a  cryolite  factory  for  more  than  two  years. 
They  complained  of  loss  of  appetite,  nausea,  shortness  of  breath,  pain 
and  stiffness  in  the  back,  vomiting,  cough,  and  tiredness.  On  physical 
examination  the  following  four  distinct  lesions  were  found. 
Pneumoconiosis  was  present  in  various  stages  in  half  the  subjects 
examined,  the  diagnosis  being  based  on  radiographs  of  the  chest.  The 
conclusion  that  the  disease  of  the  lungs  was  due  to  the  quartz-laden  dust 
in  the  factory  is  unavoidable. 

Fluorosis  occurs  in  bones  and  ligaments.  As  the  radiographic  in¬ 
vestigations  of  the  lung  condition  proceeded,  it  was  found  that  the 
shadows  of  the  ribs,  clavicles,  and  cervical  vertebrae  showed  unusual 
density  and  abnormalities  in  the  bone  pattern.  In  thirty  of  the  seventy- 
eight  patients  obvious  changes  of  varying  degree  and  extent  were 
found.  In  typical  radiographs  the  osseous  pattern  of  the  vertebrae 
is  completely  effaced  and -replaced  by  dense  opaque  shadows.  In  a 
few  places  the  original  bone  structure  shows  though  the  remaining 
trabeculae  are  thick,  dense,  and  indistinct.  The  transverse  processes 
are  covered  by  excrescences  which  represent  calcification  in  ligaments. 
Around  the  intervertebral  and  costovertebral  articulations  are  calcified 
shadows  resembling  osteophytes.  The  ligaments  on  the  lateral  aspects 
of  the  vertebral  bodies  are  calcified  and  show  actual  bridges  between 
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the  vertebrae.  The  posterior  ends  of  the  ribs  are  covered  by  excrescences 
due  to  calcification  of  the  attachments  of  the  intercostal  muscles.  The 
shadows  of  the  ribs  show  uniform  increase  of  density,  the  structure  of 
the  bone  being  destroyed  in  such  a  way  that  the  outline  of  cortex  and 
spongiosa  completely  disappears.  There  is  a  pronounced  calcification 
of  the  costal  cartilages,  but  the  articular  cartilages  are  not  affected. 

In  the  pelvis  the  pattern  of  the  spongiosa  is  completely  obliterated  by 
dense  opaque  shadows  resembling  those  seen  in  osteoplastic  carcino¬ 
matosis.  Along  the  periphery  of  the  pelvic  bones  are  blunt  excrescences 
corresponding  to  calcified  muscular  attachments;  the  ischiosacral  liga¬ 
ments  and  the  attachments  of  the  adductor  muscles  are  calcified.  Such 
changes  in  the  bones,  ligaments,  and  muscular  attachments  are  probably 
due  to  the  deposition  of  calcium  fluoride. 

A  complete  examination  of  the  blood  was  made  on  all  those  workers  Anaemia 
in  whom  changes  in  the  bones  had  been  found.  In  fourteen  of  the 
fifty  subjects  examined  there  was  a  fall  in  the  number  of  the  red  cells. 

The  average  figures  were:  red  blood-cells  3,700,000  per  c.mm.,  haemo¬ 
globin  77  per  cent,  colour  index  1*02.  No  primitive  red  cells  nor 
basophil  stippling  was  discovered.  The  white-cell  count  was  normal. 

The  general  health  of  the  workers  was  apparently  unaffected  by  the 
anaemia. 

Nausea,  loss  of  appetite,  and  vomiting  occurred  in  forty-two  of  the  Gastric 
workers  examined.  These  symptoms  are  supposedly  due  to  slight 
corrosion  of  the  mucous  membrane  of  the  stomach  by  hydrofluoric 
acid  liberated  from  the  swallowed  dusts  of  cryolite.  They  come  on 
acutely  shortly  after  the  dusty  work  is  begun.  Thus  one  of  the  principal 
managers  of  the  industry,  who  only  visited  the  factory  occasionally, 
stated  that  if  he  stayed  more  than  ten  minutes  in  one  of  the  places 
where  the  dust  was  particularly  thick,  he  was  obliged  to  get  out  into  the 
open  air  in  order  not  to  be  seized  with  vomiting.  All  symptoms  disappear 
as  soon  as  the  patient  gets  out  into  the  open  air,  and  after  working 
hours  no  feeling  of  discomfort  remains. 

Wherever  possible  manual  labour  with  shovel  and  wheelbarrow  should  Preventive 
be  replaced  by  mechanical  conveyance  through  closed  pipes  or  chutes, 

The  grinding  processes  must  be  carried  out  in  enclosed  apparatus  under 
exhaust  ventilation;  drying  stoves  and  grading  plants  must  be  fitted 
with  dust  filters  or  suction  ventilators.  Masks  should  be  supplied  to  the 
workers,  and  regular  shifts  introduced  in  all  the  dusty  processes.  Packing 
into  bags  by  means  of  shovels  should  be  forbidden  and  replaced  by 
automatic  dust-free  packing  machines.  Separate  dust-free  dining-rooms 
and  dressing-rooms  should  be  built  and  proper  facilities  for  washing 
provided. 

In  Great  Britain  so  far  workers  in  fluorspar  (calcium  fluoride),  enamel, 
and  glass  have  been  found  free  from  fluorosis  of  the  bones  in  cases  in 
which  radiograms  of  the  chest  have  been  carried  out  in  the  search  for 
pneumoconiosis. 
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Organic  fluorine  compounds 

The  introduction  of  fluorine-containing  relrigerants  has  stimulated 
investigations  into  the  toxicity  of  hydiogen  iluoiide,  fluoiochloio- 
methanes,  fluorochloroethanes,  and  nuorochloroethylenes.  Machle  and 
Scott  (1935)  exposed  rabbits  to  sublethal  concentrations  of  hydrogen 
fluoride  and  showed  that  fluorine  was  stored  in  the  tissues,  especially 
in  the  bones,  the  quantities  found  amounting  to  as  much  as  ten  times 
the  normal.  The  use  of  dichlorodifluoromethane  in  domestic  and  com- 
inercial  refrigerating  appliances  and  in  air-conditioning  eciuipment  tor 
public  buildings  has  the  advantage  of  reducing  the  risks  of  explosion 
but  it  introduces  the  possibility  of  exposure  of  workmen  to  the  vapours 
of  an  organic  fluorine  compound.  Sayers  ct  al.  (1930)  have  shown  that 
prolonged  exposure  of  dogs,  monkeys,  and  guinea-pigs  to  air  containing 
20  per  cent  by  volu  me  of  dichlorodifluoromethane  vapour  docs  not  lead 
to  any  ill-effects.  It  is  therefore  probable  that  the  use  ol  this  leli  igeiant 
involves  little  risk  to  the  health  of  the  workman. 


(e)  Sulphur  Dioxide 

Risk  of  poisoning  from  sulphur  dioxide  (SO.)  exists  in  the  neigh¬ 
bourhood  of  furnaces,  boiler  fires,  chemical  and  dye  works,  in  the 
manufacture  of  sulphuric  acid,  and  in  bleaching  and  fumigating. 

In  persons  unaccustomed  to  sulphur  dioxide  even  a  weak  conccnlia- 
tion  produces  an  acid  taste  in  the  mouth,  an  increased  How  of  saliva, 
and  irritation  of  the  nasal,  ocular,  and  respiratory  mucous  membranes. 
Spasmodic  sneezing  and  coughing  may  occur.  If  (he  action  is  Loo 
severe  or  too  prolonged  the  bronchi  and  lungs  arc  attacked  with  the 
production  of  viscid  and  even  blood-stained  expectoration.  In  latal 
cases  there  is  great  respiratory  distress  and  death  occurs  from  oedema 
of  the  lungs.  Many  serious  cases,  however,  recover. 

All  necessary  precautions  must  be  taken  in  (he  manufacture  of  sulphur 
dioxide  to  prevent  leakage  from  kilns  and  apparatus,  to  ensure  intensive 
condensation  of  the  gas,  and  to  provide  an  cficctivc  ventilating  and 
extracting  system  in  workshops.  Individuals  should  be  protected  by 
wearing  overalls,  and  positive  pressure  gas-masks  connected  to  a  supply 
of  compressed  air  should  be  available. 

(/)  Ammonia 

Accidents  with  ammonia  (NH.,)  may  occur  in  leakage  from  refrigerator 
plants,  in  the  manufacture  of  ammonium  sulphate  in  gas  works,  in 
spilling  of  strong  solution  of  ammonia,  and  in  breaking  up  cylinders 
supposed  to  be  empty.  In  the  manufacture  of  ammonia  closed  receptacles 
only  must  be  used.  Efficient  exhaust  ventilation  must  be  installed  over 
apparatus  which  give  off  fumes  and  vapours.  Steps  must  be  taken  to 
prevent  the  escape  of  any  noxious  gas  and  for  thorough  concentration 
of  gaseous  ammonia.  Gases  not  condensed  should  be  burned  and  the 
workshops  kept  thoroughly  ventilated.  Chimneys  should  be  high  and 
close  supervisioit  exercised  over  the  discharge  of  waste  water.  Apparatus 
and  joints  should  be  carefully  luted  and  gases  which  cannot  be  dissolved 
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in  water  should  be  condensed  in  a  vessel  containing  a  dilute  mineral 
acid.  Refrigerating  plants  should  be  isolated  from  workrooms,  and  in 
all  plants  where  any  risk  is  run  respirators  should  be  provided  and  the 
workers  trained  in  their  use. 

For  clinical  picture  and  treatment  of  poisoning  see  p.  76. 

(4) — Organo-Metallic  Gases 

Certain  metals  and  metalloids  form  poisonous  compounds  which  are 
encountered  in  industry.  The  dangers  of  nickel  carbonyl,  arseniuretted 
hydrogen,  and  phosphoretted  hydrogen  are  all  well  known.  Trouble 
from  breathing  nickel  carbonyl  is  generally  the  result  of  an  accident,  such 
as  a  broken  pipe  line,  and  does  not  imply  ignorance  of  toxicology  on  the 
part  of  industry.  Arseniuretted  hydrogen  and  phosphoretted  hydrogen 
are  not  manufactured  in  industry  but  are  evolved  as  accidental  by-products 
in  other  processes.  Their  presence  is  therefore  difficult  to  control. 

(a)  Nickel  Carbonyl 

Nickel  carbonyl,  NiCCO)^,  is  a  compound  of  nickel  and  carbon 
monoxide  and  was  discovered  by  Ludwig  Mond  in  1890.  It  is  a 
clear  pale  straw-coloured  liquid  volatilizing  at  room  temperature  and 
solidifying  into  a  crystalline  mass  of  needles  at  23°  C.  When  it  is  heated 
to  150°  C.  it  is  decomposed  into  its  constituents  and  metallic  nickel  is 
deposited.  It  gives  off  a  peculiar  odour  hke  soot  which  is  perceptible 
when  the  air  contains  one  part  in  two  million.  The  flame  of  a  Bunsen 
burner  becomes  luminous  when  the  air  contains  one  part  in  four 
hundred  thousand.  By  means  of  nickel  carbonyl  pure  nickel  is  isolated 
industrially  from  its  ores  by  the  Mond  process. 

In  1902,  in  a  factory  in  which  nickel  was  separated  from  the  ore,  thirty- 
seven  cases  of  poisoning  due  to  nickel  carbonyl  occurred,  two  of  them 
fatal  (Mott,  1907).  This  incident  brought  to  light  hitherto  unsuspected 
physiological  effects  of  nickel  carbonyl,  attended  by  a  train  of  symptoms 
unhke  those  produced  by  any  known  substance.  The  factory  was  new 
and  amply  provided  with  ventilation.  Arrangements  had  been  made 
for  the  processes  to  be  carried  on  automatically  in  a  closed  apparatus. 
No  serious  cases  of  poisoning  took  place  so  long  as  the  automatic 
working  was  not  interrupted.  ' On  two  occasions,  however,  owing  to 
the  breaking  of  a  chain  it  became  necessary  to  substitute  hand  labour 
for  the  automatic  arrangements.  The  break  in  the  continuity  of  the 
system  allowed  escape  of  nickel  carbonyl  in  gaseous  form.  The  pro¬ 
portion  of  carbon  monoxide  was  believed  to  be  about  10  per  cent. 
For  several  years  little  further  trouble  was  experienced,  but  between 
1922  and  1930  forty-two  cases,  including  two  deaths,  were  reported, 
all  due  to  escapes  during  repairs  or  to  fractures  of  pipes  and  leaks  in 
joints  subsequent  to  general  repairs  and  cleaning  of  the  plant. 
Experimental  investigations  have  shown  that  the  poisonous  effects 
are  entirely  due  to  the  nickel  of  the  compound  and  not  to  the  carbon 
monoxide  (Armit,  1907).  Rabbits  die  in  sixty-five  minutes  after  breathing 
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air  containing  0  018  per  cent  of  nickel  carbonyl,  dogs  and  cats  in  twelve 
to  fourteen  hours.  The  animals  treated  by  Armit  died  when  their  blood 
contained  not  more  than  0-072  to  016  per  cent  of  carbon  monoxide 
and  were  not  poisoned  by  iron  carbonyl,  which  contains  more  carbon 
monoxide  than  nickel  carbonyl.  Its  peculiar  toxicity  is  due  to  the  tact 
that  nickel  carbonyl  enters  the  respiratory  tract  in  gaseous  form  and 
then  splits  up,  depositing  nickel  as  a  slightly  soluble  compound  in  a 
very  fine  state  of  subdivision  over  the  immense  surface  of  the  lungs. 

It  there  sets  up  irritation,  congestion,  and  oedema.  Some  writers  have 
attributed  the  toxic  action  of  nickel  carbonyl  to  carbon  monoxide 
which  can  easily  be  detected  in  the  blood  of  the  victim,  rather  than  to 
any  specific  action  of  nickel.  Whether  this  be  so  or  not  the  toxicity 
of  nickel  carbonyl  is  much  greater  than  that  of  carbon  monoxide 
(Hamilton,  1934). 

The  symptoms  in  man  come  on  immediately  after  the  inhalation  of 
the  gas  and  consist  of  giddiness,  slight  dyspnoea,  nausea,  and  vomiting, 
all  of  which  pass  off  rapidly  in  the  open  air.  Then  after  twelve  to 
thirty-six  hours  the  dyspnoea  returns,  with  cyanosis,  rise  in  temperature, 
and  cough,  sometimes  accompanied  after  the  second  day  by  blood¬ 
stained  expectoration.  The  rise  in  the  pulse-rate  is  not  proportional 
to  the  rise  in  the  respiration  rate,  which  may  reach  as  high  as  60. 
Abnormal  physical  signs  in  the  lungs  are  usually  absent.  Although  at 
the  time  exertion  causes  considerable  distress  in  breathing,  there  is 
no  permanent  disability  and  most  of  the  men  affected  are  absent  from 
work  only  for  a  short  time.  In  fatal  cases  delirium  develops  wilh  death 
on  the  fourth  to  the  twelfth  day.  At  necropsy  extensive  haemorrhages 
are  found,  especially  in  the  lungs,  the  corpus  callosum,  and  the  spinal 
cord.  The  cause  of  death  is  usually  oedema  of  the  lungs. 

The  escape  of  gases  or  fumes  must  be  prevented  by  carrying  on  the 
process  in  a  completely  closed  system  of  iron  chambers  and  pipes. 
Air  containing  0-5  per  cent  of  nickel  carbonyl  is  already  dangerous. 
Compressed  air  should  be  supplied  on  each  floor  of  the  works  and 
suitable  joints  provided  at  frequent  intervals  for  fixing  a  face-piece 
and  tube  through  which  to  breathe  air  whenever  repairs  become 
necessary.  The  air  should  be  delivered  into  the  face-piece  at  suHicient 
pressure  to  keep  out  any  gas.  The  workmen  should  be  instructed  to 
test  for  the  presence  of  nickel  carbonyl  by  holding  the  blue  llame 
derived  from  methylated  spirit  against  the  air  suspected.  In  the  event 
of  a  large  leak  the  gas  would  burn  with  a  yellow  flame,  and  with  a 
small  leak  a  yellow  film  forms  on  the  surface  of  the  blue  flame.  This 
test  detects  a  proportion  of  one  part  in  400,000  of  air.  Workmen  should 
be  instructed  by  word  of  mouth  and  by  posters  about  the  toxic  pro¬ 
perties  of  nickel  carbonyl  and  the  great  need  to  take  care. 

(b)  Arseniuretted  Hydrogen 

Arseniuretted  hydrogen  (arsine,  AsH^),  was  discovered  in  1775  by 
Scheele.  Its  toxicity  remained  unknown  until  1815  when  Gehlen,  a 
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Munich  chemist,  in  the  course  of  some  researches  ‘^inspired  a  small 
portion,  and  at  the  termination  of  one  hour  was  seized  with  continued 
vomiting,  shivering,  and  weakness  which  increased  until  the  ninth  day, 
when  he  died’.  Unfortunately  this  tragic  accident  is  repeated  from 
time  to  time. 

In  1920  K.  C.  Schierbeck,  of  Copenhagen,  died  from  arseniuretted  hydrogen 
poisoning  during  studies  made  in  collaboration  with  C.  Lundsgaard  on  the 
mixture  of  air  in  the  lungs  with  hydrogen.  Usually  the  hydrogen  was  prepared 
from  hydrochloric  acid  and  zinc  which  were  both  free  from  arsenic.  As 
a  further  precaution  the  gas  was  washed  by  passing  it  through  potassium 
permanganate  solution  and  a  sample  was  tested  for  arsenic  by  Marsh’s 
method  (Lundsgaard  and  Schierbeck,  1923).  Towards  the  end  of  the  experi¬ 
ment  the  workers  ran  short  of  arsenic-free  hydrochloric  acid,  and  Schierbeck 
was  imprudent  enough  not  only  to  make  use  of  ordinary  laboratory  hydro¬ 
chloric  acid  in  the  preparation  of  the  hydrogen  but  also  to  neglect  to  wash 
the  gas  and  to  test  a  sample  for  arsenic.  The  evening  on  which  the  experi¬ 
ments  were  made  he  had  fever,  diarrhoea,  and  copper-coloured  jaundice. 

The  urine  was  red-brown  and  contained  albumin  and  haemoglobin.  The 
jaundice  persisted  and  within  a  few  days  vomiting  occurred,  the  liver  became 
palpable,  and  the  haemoglobin  fell  from  46  to  31  per  cent.  His  general 
condition  became  rapidly  worse,  dyspnoea  was  noticed,  suppression  of  urine 
supervened,  and  he  died  on  the  ninth  day  after  the  accident. 

The  first  cases  to  be  reported  in  industry  occurred  in  1873  in  Germany, 
in  men  engaged  in  desilverizing  lead  and  zinc  ores.  In  an  exhaustive 
monograph  on  the  subject,  published  in  1908,  Glaister,  of  Glasgow, 
summarized  all  the  120  cases  which  had  been  reported  up  to  that 
time.  His  work  remains  the  best  general  account  of  the  subject  in 
English.  Since  1908  the  number  of  cases  recorded  has  been  more  than 
doubled.  The  majority  of  cases  have  been  due  to  the  use  of  acids  and 
alloys  or  ores  contaminated  with  arsenic.  The  occupations  concerned  Occupations 
are  the  roasting  and  extraction  of  mineral  ores,  pickling  and  galvanizing 
of  metals,  cleaning  of  acid  tanks,  the  manufacture  of  bleaching  powder 
and  zinc  chloride,  the  manufacture  of  hydrogen  and  its  use  in  ballooning, 
and  lastly  the  making,  charging,  and  using  of  accumulators.  It  follows 
that  the  workman  may  absorb  the  poison  in  operations  in  which  the 
possibility  of  poisoning  is  not  so  much  as  imagined. 

The  possibility  that  poisoning  might  arise  from  the  action  of  water 
on  the  arsenides  of  alkali  metals  was  recognized  by  Jones  (1907)  and 
by  Glaister  (1908).  In  1923  Legge  reported  two  cases  of  arseniuretted 
hydrogen  poisoning  (one  of  them  fatal)  from  a  dross-refining  factory 
in  England.  A  thunderstorm  flooded  a  floor  on  which  bags  containing 
residues  from  certain  refining  operations  were  stored.  Two  men  were 
employed  packing  dross  at  a  distance  of  ten  feet  from  these  bags.  One 
was  quite  unaffected  but  the  other  suffered  from  vomiting,  intense 
coppery  jaundice,  and  suppression  of  urine,  and  died.  A  third  man 
in  charge  of  a  drossing  furnace  some  twenty  feet  away  was  slightly 
affected.  A  sample  of  a  fresh  portion  of  the  contents  of  the  bags  was 
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found  to  contain  1-6  per  cent  of  arsenic,  together  with  lead,  tin,  anti¬ 
mony,  copper,  and  aluminium.  It  smelt  of  sulphuretted  hydrogen  and 
when  moistened  gave  off  large  quantities  of  arseniuretted  hydrogen. 

In  1931  Bridge  gave  an  account  of  six  cases  with  two  fatalities  caused 
by  the  damping  down  to  lay  the  dust  of  a  lesidue  containing  a  metallic 
arsenide.  He  also  mentioned  three  cases  which  occurred  at  the  same 
factory  earlier  in  the  year  and  were  not  reported.  In  one  of  the  fatal 
cases  traces  of  arsenic  were  found  in  the  bones.  In  1931  Loning  reported 
eleven  cases  (with  four  deaths)  which  occurred  in  a  tin-refining  works 
at  Wilhelmsberg.  The  patients  had  been  engaged  in  the  process  of  tin¬ 
refining  described  above  and  had  sprinkled  water  over  the  dross  to 
avoid  the  raising  of  dust.  In  1932  Bomford  and  Hunter  described  two 
cases  occurring  in  London  from  a  similar  cause.  In  the  piocess  of  tin 
refining  a  dross  containing  aluminium  arsenide  was  watered  down  while 
still  hot  with  several  cansful  of  water.  Two  workmen  were  affected. 
Both  suffered  from  haemoglobinuria  and  haemolytic  jaundice  with 
anaemia.  Both  recovered  completely.  Twenty-five  cases  of  arseniuretted 
hydrogen  poisoning  have  been  reported  in  the  tiii-ioiining  industry, 
seven  of  them  fatal,  The  mortality  rate  of  this  small  scries  is  therefore 
28  per  cent.  It  should  be  noted  that  this  is  one  of  the  few  industrial 
poisons  which  may  kill  outright. 

In  severe  cases  the  first  effects  of  haemolysis  occur  within  six  houis, 
when  haemoglobinuria  appears.  Within  twenty-four  hours  there  is 
jaundice  and  by  the  third  day  anaemia  in  which  the  red-cell  count  may 
fall  below  1,000,000  per  c.mm.  Death  may  occur  from  anuria  in  those 
cases  in  which  severe  haemolysis  causes  blockage  of  the  lenal  tubules 
with  haemoglobin.  Mild  cases  are  often  mistaken  lor  food  poisoning, 
and  are  accompanied  by  nausea,  headache,  shivering,  exhaustion,  giddi¬ 
ness,  and  vomiting.  Reports  of  scries  of  cases  have  often  mentioned 
that  a  number  of  other  men  were  affected  but  not  so  severely  as  to 
require  admission  to  hospital.  It  therefore  seems  possible  that  a  number 
of  cases  too  mild  to  present  the  classical  picture  of  this  form  of  poisoning 
may  be  occurring  in  industry  and  escaping  detection. 

The  first  essential  in  the  prevention  of  this  accident  in  industry  is  that 
all  concerned,  particularly  works’  managers  and  certifying  factory 
surgeons,  should  be  fully  alive  to  the  danger  of  the  processes  involved 
and  to  the  signs  of  early  and  slight  poisoning.  The  workshops  should 
be  adequately  ventilated  and  processes  known  to  be  risky  should  be 
forbidden  in  confined  spaces.  Sometimes  a  breathing  apparatus  suitable 
for  use  in  irrespirable  atmospheres  must  be  employed.  Such  an  apparatus 
consists  of  an  oro-nasal  mask  with  tube  connexion  to  the  outer  atmo¬ 
sphere.  The  wearer  draws  fresh  air  through  the  tube  by  his  inspiratory 
efforts  and  expels  the  expired  air  through  a  valve  in  the  mask.  Further, 
as  suggested  by  Koelsch,  a  number  of  bird-cages  containing  small  birds 
should  be  hung  as  near  as  possible  to  the  work  since  it  is  known  from 
experience  that  the  gas  affects  them  before  it  affects  man. 
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(c)  Dimethylarsine 

The  use  of  Scheele’s  green  (cupric  arsenite)  in  the  preparation  of 
artificial  flowers  and  wall-papers  has  now  only  historical  interest  because 
aniline  colours  have  almost  entirely  taken  the  place  of  arsenic  in  these 
processes.  When  arsenical  colours  were  used,  as  much  as  60  grains 
per  square  foot  were  found  in  samples  of  wall-papers  examined.  The 
importance  of  the  matter  in  relation  to  wall-papers  was  that  such 
symptoms  as  coryza,  conjunctivitis,  gastro-enteritis,  and  tinglings  in  the 
extremities,  all  suggesting  arsenic  poisoning,  were  found  to  be  associated 
with  residence  in  rooms  papered  with  arsenic  wall-papers. 

The  mould  Penidllium  brevicauJe  while  growing  in  the  paste  split  up 
the  arsenic  compounds,  liberating  from  them  a  gas  originally  thought 
to  be  diethylarsine  (Biginelli,  1901),  but  since  definitely  identified  as 
dimethylarsine  (CH3)2AsH  (Challenger,  1935).  In  1931  in  the  Forest 
of  Dean  a  child  died  owing  to  inhalation  of  dimethylarsine  from  mouldy 
walls  in  a  very  damp  house.  The  source  of  the  arsenic  in  this  case  was 
coke  breeze,  a  constituent  of  the  plaster  of  the  walls.  The  use  of  concrete 
blocks  containing  this  substance  and  the  deliberate  addition  of  arseni- 
ous  oxide  to  cements  to  increase  their  rate  of  hardening  are  clearly 
undesirable. 

(d)  Phosphoretted  Hydrogen 

Phosphoretted  hydrogen  (phosphine,  PH3),  is  a  colourless  gas,  heavier 
than  air,  with  a  distinctive  and  most  disagreeable  odour  like  rotten 
fish.  Even  2  parts  per  100,000  in  the  atmosphere  is  perceptible  and  20 
parts  per  100,000  will  quickly  cause  death.  Poisoning  may  arise  in  the 
preparation  and  use  of  calcium  phosphide  for  filling  certain  kinds 
of  flare  mines,  in  the  manufacture  of  acetylene  with  impure  calcium 
carbide,  and  even  in  chemical  preparation  and  handling  of  phosphoretted 
hydrogen  in  the  laboratory.  Most  of  the  cases  recorded  have  resulted 
from  the  carriage  of  ferro-silicon  as  badly  ventilated  cargoes  when  the 
persons  responsible  were  ignorant  of  the  nature  of  the  poison  evolved. 
Between  1905  and  1908  a  number  of  cases  of  mysterious  illness,  often 
with  dramatically  fatal  outcome,  occurred  in  ships  and  canal  boats 
carrying  cargoes  of  ferro-silicon.  The  matter  was  investigated  by 
Copeman  (1909)  and  by  Hake  (1910),  They  concluded  that  grades  of 
ferro-silicon  containing  from  40  to  60  per  cent  of  silica  were  the  most 
dangerous.  Their  work  showed  that  the  poisonous  substances  evolved 
from  ferro-silicon  consisted  mainly  of  phosphoretted  hydrogen,  some¬ 
times  accompanied  by  small  proportions  of  arseniuretted  hydrogen  and 
acetylene.  They  attributed  the  evolution  of  these  gases  to  the  action  of 
water  on  calcium  phosphide,  arsenide,  and  carbide  respectively.  They 
did  not  make  it  clear  which  of  the  gases  they  held  responsible  for 
the  symptoms  of  poisoning.  Subsequent  writers  have  also  evaded  this 
question  and  the  cases  are  often  referred  to  under  the  heading  of 
arseniuretted  hydrogen  poisoning. 

The  chief  symptoms  are  abdominal  pain,  nausea,  vomiting,  and  severe 
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diarrhoea,  often  followed  by  staggering  gait,  convulsions,  coma,  and 
death  within  twenty-four  hours.  Neither  jaundice  nor  anaemia  appears 
to  have  been  described  in  any  of  the  reports.  In  one  series  of  cases, 
Bruylants  and  Druyts  (1909)  found  traces  of  arsenic  present  in  the 
bodies  of  all  of  four  cases.  It  seems  probable  that  phosphoretted 
hydrogen  was  responsible  for  the  symptoms  observed  in  most  of  these 
cases,  if  not  in  all.  Since  1 909  the  only  published  cases  of  illness  due  to 
ferro-silicon  have  occurred  in  Germany  (Thiele,  1921).  From  samples 
of  the  ferro-silicon  concerned  phosphoretted  hydrogen  alone  was 


obtained. 

Where  exhaust  ventilation  is  installed  it  should  work  in  a  downward 
direction  since  the  gas  is  heavier  than  air.  A  breathing  apparatus  should 
be  used  which  enables  the  worker  to  breathe  the  outside  air.  Such  an 
apparatus  was  worn  with  success  in  Great  Britain  during  the  war  ot 
1914-18  by  girls  engaged  in  filling  mines  with  calcium  phosphide. 
The  following  recommendations  suggested  by  Copeman  should  be 
adopted  in  handling  ferro-silicon:  breaking  up  of  ferro-silicon  into 
pieces  of  the  size  required  at  the  place  where  it  is  used;  exposure  to 
the  air  in  a  sheltered  place  for  a  month  at  least  before  loading  on  to 
ships;  prohibition  of  transport  on  passenger  ships  or  on  the  top  of  the 
cargo— it  should  be  carried  on  deck  or,  if  this  cannot  be  managed, 
in  holds  carefully  ventilated  and  separated  by  air-tight  doors  from 
living  quarters;  application  of  these  measures  in  transport  on  barges 
in  inland  waters;  packing  cases  containing  ferro-silicon  should  have 
inscribed  on  them  clear  particulars  concerning  the  material,  such  as 
the  percentage  of  silicon,  the  date  of  manufacture,  and  the  place  of 
origin.  Where  ferro-silicon  is  stored  work  should  never  begin  until  the 
room  is  ventilated.  Zangger  (1930)  recommended  that  such  storerooms 
should  be  under  lock  and  key  and  that  no  one  should  be  allowed  inside 
without  a  permit  from  the  person  responsible  for  effective  renewal  ot 
the  air.  Masters  of  ships  carrying  ferro-silicon  should  not  only  take 
all  necessary  measures  of  safety  but  should  also  instruct  all  persons 
manipulating  the  product  as  to  the  risk. 


9 -BENZENE  AND  ITS  HOMOLOGUES 
(1) — Sources  of,  and  Toxicity  of,  Solvents 

1535.]  Benzole  is  given  off  during  the  distillation  of  coal  in  a  closed 
vessel,  part  remaining  in  the  tar  and  part  in  the  gas.  The  chief  means  of 
recovery  is  by  stripping  the  benzole  from  the  coke-oven  gas,  a  method 
which  recently  has  largely  superseded  distillation  of  the  tar  from  gas 
works  and  coke  ovens. 

Benzole  is  graded  commercially  as  crude  or  refined,  according  to  the 
percentage  which  is  distilled  below  100°  C.  Commercial  benzole  is 
hardly  ever  pure,  and  contains  traces  of  xylene,  toluene,  phenol, 
carbon  disulphide,  and  many  other  substances.  The  three  usual  com- 
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mercial  types  are:  (i)  commercial  crystallizable  100  per  cent  benzene 
(CeHg),  boiling  point  80°  C.;  (ii)  commercial  90  per  cent  benzole, 
which  distils  below  100°  C.  and  contains  up  to  15  per  cent  toluol  and 
2  per  cent  xylol;  and  (iii)  commercial  50  per  cent  benzole,  which  contains 
50  per  cent  of  constituents  distilling  below  100°  C.  and  90  per  cent 
below  120°  C. 

Benzole  has  two  more  or  less  distinct  fields  of  application  to  industrial  Industrial 
processes:  (i)  where  it  is  handled  in  large  quantities  in  closed  mechanical 
systems,  including  the  distillation  of  coal  and  coal  tar,  the  blending  of 
motor  fuel,  and  the  chemical  industries;  and  (ii)  where  it  is  used  as  a 
solvent  or  diluent,  including  the  rubber  industry,  artificial  leather  manu¬ 
facture,  the  dyeing  and  cleaning  industry,  the  manufacture  of  paints 
and  varnishes,  the  aeroplane,  linoleum,  and  celluloid  industries,  and 
the  manufacture  of  artificial  manure,  glue,  and  the  extraction  of 
certain  alkaloids. 

Not  only  are  many  pure  chemical  substances  obtained  from  the  crude 
fractions  of  coal-tar  by  further  distillation  and  re-distillation,  but  also 
by  less  complex  methods  mixtures  of  these  substances  are  obtained 
which  serve  most  industrial  purposes  very  well.  The  nature  and  pro¬ 
portions  of  these  substances  contained  in  any  such  distillate  depend  on 
the  source  of  the  distillate,  the  temperature  range  within  which  it  has 
been  collected,  and  the  degree  to  which  the  remaining  impurities  have 
been  removed. 

It  is  important  to  distinguish  the  original  source  of  a  solvent.  The  Source  of 
distillates  derived  from  the  stripping  of  coke-oven  gas  or  from  coal-tar 
contain  mostly  aromatic  hydrocarbons,  of  which  benzene  (CgHe)  is 
outstanding  in  the  production  of  serious  chronic  toxic  effects  from  Effects  on 
damage  to  the  bone  marrow.  On  the  other  hand  the  petroleum  distillates  marrow 
contain  mostly  aliphatic  hydrocarbons  which  are  relatively  harmless. 

Much  experimental  work  on  animals  and  many  clinical  observations 
and  pathological  reports  on  man  have  confirmed  this  action  of  benzene, 
whereas  toluene,  the  higher  homologues  of  benzene,  and  petroleum 
distillates  containing  no  benzene  have  no  such  action.  In  the  case  of 
these  substances  the  evidence  from  animal  experiments  points  to 
stimulation  rather  than  to  destruction  of  the  bone  marrow. 

It  is  not  denied  that  chronic  toxic  effects  result  from  continued  Toxic  effects 
inhalation  of  any  of  these  solvents,  but  chronic  effects  progressing  to 
a  fatal  outcome  appear  to  be  restricted  to  benzene.  All  these  substances 
exert  dangerous  acute  narcotic  effects  and  the  outcome  may  be  fatal 
if  they  are  inhaled  in  sufficient  concentration.  For  practical  purposes, 
however,  under  industrial  conditions  only  benzene  and  mixtures  con¬ 
taining  benzene  produce  chronic  effects  with  an  ominous  prognosis. 

The  benzene  content  of  the  industrial  solvents  is  therefore  of  first 
importance  from  the  toxicological  point  of  view,  for  the  risk  of  serious 
chronic  poisoning  from  inhalation  varies,  other  conditions  being  equal, 
directly  with  this  content. 

Benzine  is  a  confusing  term:  it  is  usually  applied  to  a  petroleum  Benzm 
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distillate  which  contains  mainly  aliphatic  hydrocarbons  and  little  or 
no  benzene.  But  some  commercial  benzines  contain  as  much  as  40 
per  cent  of  benzene.  The  terms  benzine  and  benzene  have  so  often  been 
confused  in  reports  of  cases  of  poisoning  that  the  former  should  be 
dropped. 

The  terms  solvent  naphtha  and  petroleum  naphtha  reter  either  to  a 
coal-tar  or  to  a  petroleum  distillate  with  a  very  much  higher  boiling 
temperature  range  than  benzole,  namely  110“  to  190“  C.,  and  therefore 
even  the  coal-tar  product  contains  either  a  negligible  proportion  of 
benzene  or  none.  The  coal-tar  derivative  is  usually  called  solvent 
naphtha,  whereas  the  petroleum  derivative  more  usually  goes  under 
the  name  of  white  spirit. 

Although  pure  toluene  (methyl  benzene,  C„Hr,.CH„),  boiling  point 
110-4°  C.,  does  not  contain  benzene,  commercial  toluol  may  contain 
an  appreciable  proportion,  up  to  about  15  per  cent,  and  this  may  explain 
serious  chronic  toxic  effects  in  industrial  workers,  which  have  been 
attributed  to  the  inhalation  of  toluene. 


The  pure  xylenes  have  boiling  points  of  138°,  1 39”,  and  142-3°  C.,  but 
commercial  xylol  has  a  wider  boiling  range  depending  on  the  standaid 
adopted. 

The  greater  volatility  of  benzene  as  compared  with  its  higher  homo- 
logues  has  obvious  commercial  advantages  in  aiding  cpiick  drying  ot 
paints,  lacquers,  and  rubber  cements.  This  is  an  obstacle  to  the  sub¬ 
stitution  of  benzene  by  its  higher  homologues  or  by  petroleum  distillates 
of  higher  boiling  point  than  benzene.  Much,  however,  has  been  achieved 
in  this  direction  in  Great  Britain,  particularly  in  the  rubber  industry  and  in 
the  manufacture  of  cellulose  lacquers,  and  there  is  an  increasing  tendency 
for  manufacturers  to  state  on  containers  when  the  product  contains 
either  no  benzene  or  less  than  1 5  per  cent  ol  benzene. 


(2)— Clinical  Picture  of  Benzene  Poisoning 

Except  for  a  few  cases  of  accidental  or  suicidal  ingestion,  poisoning 
in  industry  is  due  to  the  inhalation  of  the  vapour  ot  these  substances. 
Acute  poisoning  is  usually  the  result  of  breakage  ol  distilling  apparatus, 
cleaning  out  vats,  painting  out  tanks  or  other  confined  spaces  with 
paints  containing  these  solvents,  or  exposure  in  some  way  to  the 
vapours  in  considerable  concentration.  All  ultimately  cause  deep 
narcosis  and  death  if  the  exposure  is  continued.  Benzene,  being  the 
most  volatile,  is  the  most  dangerous  in  this  respect  under  industrial 
conditions,  whereas  white  spirit  with  its  much  higher  boiling  point 
could  only  have  this  effect  under  exceptional  conditions  of  exposure. 
A  preliminary  stage  of  exciteiuent  with  restlessness,  incoherent  speech, 
and  flushed  face  is  quite  common,  particularly  with  solvent  naphtha 
and  benzene.  In  the  case  of  benzene  convulsive  movements  may  occur. 
With  toluene  and  xylene  quiet  narcosis  is  usual.  But  the  use  of  any  one 
substance  alone  is  rarely  necessary  in  industry,  and  solvent  mixtures 
containing  one  or  more  of  the  above-mentioned  substances  together 
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with  a  proportion  of  a  totally  unrelated  solvent,  for  example,  carbon 
tetrachloride,  may  be  encountered.  It  should  he  remembered  that  there 
is  often  a  stage  of  well-being  which  is  followed  fairly  rapidly  by 
disinclination  or  inability  to  move  from  the  surroundings.  Muscular 
exertion  and  emotional  excitement — for  example,  fear — are  believed  to 
increase  the  severity  of  the  intoxication. 

Much  that  is  uncertain  and  apparently  contradictory  has  been  written  Chronic 
about  the  effects  of  exposure  day  in  and  day  out  to  concentrations  too 
low  to  cause  acute  effects.  This  is  the  result  of  a  number  of  factors, 
of  which  the  most  important  seem  to  have  been  confusion  in  nomen¬ 
clature  of  the  solvents,  uncertainty  about  the  exact  composition  of 
the  solvent  concerned,  and  a  too  literal  belief  that  the  results  of 
laboratory  investigation  can  be  applied  without  modification  to  human 
beings  working  under  ordinary  industrial  conditions. 

Continued  exposure  to  the  vapours  of  any  of  this  group  of  solvents  General 
will  result  in  depression  of  the  general  health  with  very  various 
symptoms.  The  minimal  exposure  required  to  effect  this  varies  with 
the  individual.  Of  the  early  symptoms,  headache,  either  somnolence 
or  insomnia,  and  mild  digestive  disturbances  are  the  commonest,  then 
giddiness,  nausea  and  sometimes  vomiting,  and  general  weakness. 

Cessation  of  exposure  and  symptomatic  treatment  will  be  followed  by 
rapid  recovery  unless  benzene  is  the  cause,  in  which  event  there  are 
grave  possibilities. 

Benzene  destroys  the  bone  marrow  and  therefore  causes  a  severe  Destruction 
anaemia.  Although  slight  anaemia  may  accompany  and  form  part  of 
the  depression  in  general  health  associated  with  long  exposure  to  other 
members  of  this  group,  benzene,  under  the  conditions  of  exposure  in 
industry,  is  unique  among  them  in  its  rapidity  of  action  in  many  cases 
and  in  the  intensity  of  the  effect  produced. 

The  victims  of  industrial  poisoning  often  constitute  a  small  minority  St^cepti- 
of  the  workers;  a  single  susceptible  individual  may  contract  fatal 
poisoning  in  an  environment  which  does  not  give  rise  even  to  mild 
poisoning  in  others  (Ronchetti,  1922).  The  factors  responsible  for  the 
great  variations  in  susceptibility  are  largely  unknown,  but  in  general 
women,  especially  young  women,  are  more  susceptible  than  men. 

Changes  in  the  blood  may  begin  from  two  days  to  one  month  after 
the  first  exposure,  according  to  the  amount  absorbed,  and  they  may 
progress  or  even  develop  after  exposure  has  ceased.  Death  may  occur 
within  three  weeks  of  the  onset  of  symptoms. 

Clinically  the  picture  of  chronic  benzene  poisoning  is  that  of  a  pro-  Symptoms 
gressive  anaemia  with  purpura,  epistaxis,  menorrhagia,  and  visceral 
and  retinal  haemorrhages.  Ulcers  or  gangrenous  patches  on  the  lips, 
fauces,  and  pharynx  are  common.  Although  poisoning  may  occur 
only  after  many  years’  exposure,  there  have  been  fatalities  after  a  few 
weeks’  exposure.  Of  the  original  cases  reported  by  Santesson  (1897) 
four  of  the  nine  proved  fatal  within  one  to  four  months  of  the  beginning 
of  exposure.  When  therefore  either  complaint  of  the  patient  or  inquiry 
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into  the  exact  nature  of  the  work  dcone  draws  attention  to  the  possi¬ 
bility  of  exposure  to  this  group  of  solvents,  paiticulaily  it  tlicro  is 
already  a  suggestion  of  anaemia  or  purpura  is  noted,  or  complaint 
is  made  of  epistaxis,  menorrhagia,  or  other  uniisual  bleeding,  the 
necessity  of  prompt  dcterniination  tor  any  exposure  to  benzene  and  of 
immediate  examination  of  the  blood  is  apparent. 

Benzene  attacks  the  bone  marrow  and  aliccts  first  the  platelets,  then 
the  granular  leucocytes,  and  finally  the  red  cells,  Theretore  in  the 
earliest  stages  of  chronic  benzene  poisoning,  when  from  the  practical 
aspect  its  detection  is  so  important  to  everyone,  there  may  be  little  or 
no  evidence  of  damage  to  the  red  cells  but  only  purpura  with  leucopenia 
and  granulocytopenia.  Even  this  may  be  masked  temporarily  by  the 
influence  of  a  localized  septic  infection  on  a  bone  marrow  still  capable 
of  responding  by  the  production  of  a  polymorphonuclear  leucocytosis. 
However,  the  discovery  of  leucopenia  with  granulocytopenia  suggests 
inquiry  about  exposure  to  benzene  and,  when  there  is  already  knowledge 
of  exposure  to  solvents  in  this  group,  demands  exclusion  from  the 
work,  verification  of  the  presence  of  benzole  in  the  matciial  used,  and 
examination  of  others  engaged  in  the  same  work.  The  total  leucocyte 
count  in  chronic  benzene  poisoning  may  fall  to  a  very  low  level;  in 
fact  the  white  cells  may  almost  disappear.  A  count  of  1,000  to  2,000 
per  c.mni.  is  common,  and  a  count  ol  104  has  been  recorded.  In  some 
cases  the  granular  leucocytes  fall  as  low  as  1 0  per  cent,  fhe  bleeding  time 
may  be  increased  to  half  an  hour,  with  a  corresponding  drop  in  the 
platelets.  The  red  cell  count  is  reduced,  with  a  corresponding  reduction 
in  the  haemoglobin  percentage.  The  count  may  be  as  low  as  three- 
quarters  of  a  million  per  c.mm.,  but  in  many  cases  a  moderate  anaemia 
with  a  count  of  three  million  and  upwards  may  be  present.  The  changes 
in  the  appearance  of  the  red  cells  are  slight  but  anisocytosis,  poikilo- 
cytosis,  and  punctate  basophilia  may  occur. 

Necropsy  usually  shows  aplasia  of  the  bone  marrow.  Haemorrhages 
may  be  found  in  the  skin,  pericardium,  pleura,  alimentary  tract, 
meninges,  bladder,  and  uterus.  Gangrenous  stomatitis  and  even 
necrosis  of  the  gastric  mucosa  have  been  recorded.  Benzene  cannot  be 
discovered  in  the  body  after  death. 

(3)— Prognosis  and  Sequelae 

Acute  poisoning  by  inhalation  of  any  of  this  group  is  cither  rapidly 
fatal,  or  recovery  is  complete  in  due  course.  After  return  to  conscious¬ 
ness  and  apparent  recovery  at  least  some  days  should  elapse  before 
return  to  work,  for  serious  symptoms  may  return.  Headache,  giddiness, 
nervousness,  insomnia,  nausea,  pins  and  needles  in  the  hands  and  feet, 
and  general  fatigability  may  persist  for  a  fortnight  or  more  after  acute 
■■poisoning,  and  in  benzene  poisoning  respiratory  catarrh  and  pleurisy 
have  also  been  noted. 

The  chronic  deterioration  in  general  health  associated  with  continued 
exposure  to  the  members  of  this  group  other  than  benzene  soon  dis- 
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appears  with  removal  from  exposure  and  appropriate  symptomatic  and 
general  treatment.  Chronic  benzene  poisoning  is  obviously  a  serious 
condition.  The  death-rate  is  very  high  but  occasionally  a  severe  case 
ends  in  recovery. 

Hayhurst  and  Neiswander  (1931)  have  recorded  a  case  in  a  rubber  worker 
in  whom  the  red  cells  were  900,000  per  c.mm.,  haemoglobin  10  per  cent, 
white  cells  850  per  c.mm.,  bleeding  time  more  than  25  minutes,  and  the 
platelets  100,000  per  c.mm.  Treatment  by  blood  transfusions  and  iron 
was  followed  by  recovery,  and  three  and  a  half  years  later  the  blood  count 
was  normal  except  for  slight  granulocytopenia. 

The  blood  picture  may  give  little  indication  as  to  the  outcome.  When 
the  onset  is  rapid,  the  red  count  well  under  a  million  and  the  white 
count  under  1,000  the  victim  may  recover,  whereas  a  patient  with  a 
longer  exposure  and  symptoms  for  several  months  with  a  red  count  of 
about  three  million  and  without  leucopenia  may  die.  Symptoms  may 
develop  after  cessation  of  exposure  and  may  be  precipitated,  as  with 
some  other  industrial  poisons,  by  an  acute  infection. 

(4)  — ^Diagnosis  and  DUFerential  Diagnosis  of  Chronic  Benzene 

Poisoning 

The  importance  of  any  history  of  exposure  to  benzene  is  self-evident; 
this,  together  with  leucopenia,  granulocytopenia,  and  thrombopenia, 
with  or  without  reduction  in  the  red  count,  should  ensure  removal 
from  exposure  and  treatment;  the  existence  of  purpura  or  an  abnormal 
tendency  to  bleed  emphasizes  the  necessity  for  prompt  action. 

Essential  thrombopenic  purpura  and  aplastic  anaemia  both  resemble  Differential 
chronic  benzene  poisoning.  Both  are  of  non-occupational  origin,  but 
cases  show  severe  anaemia,  leucopenia,  granulocytopenia,  and  thrombo¬ 
penia.  Certain  other  chemical  substances  used  in  industrial  processes 
affect  the  blood,  for  example  dinitrophenol  and  trinitrotoluene;  they 
cause  methaemoglobinaemia  with  cyanosis  and  in  severe  cases  jaundice, 
two  conditions  which  do  not  occur  in  chronic  benzene  poisoning. 

Aplastic  anaemia  has  been  known  to  occur  in  industry  among  persons 
handling  radio-active  materials.  The  use  of  arsenobenzene  and  dinitro¬ 
phenol  for  therapeutic  purposes  must  be  excluded,  for  both  these 
substances  can  affect  the  blood. 

(5)  — ^Treatment 

The  various  preventive  measures  suitable  for  application  in  factories  Preventive 
and  other  industrial  concerns  need  not  be  discussed  here.  Clearly, 
however,  since  benzene  is  outstanding  in  this  group  in  its  chronic  toxic  Substitution 
effects,  its  substitution  whenever  possible  by  other  solvents  which  are 
harmless  is  the  method  of  first  choice.  Methods  for  complete  protection 
against  accidental  gassing  and  for  the  prevention  of  escape  of  vapours 
of  any  of  these  solvents  into  the  work-room  are  necessary.  In  all  processes 
involving  the  use  of  benzene  the  value  of  frequent  periodical  medical 
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examination,  including  examination  of  the  blood,  has  been  proved  by 
experience,  especially  in  the  United  States.  The  more  complete  and 
effective  the  prevention  of  escape  of  vapours  into  the  work-rooms  and 
the  more  efficient  the  daily  supervision  of  the  ventilating  apparatus, 
the  less  is  the  necessity  for  periodical  medical  examination. 

Notification  Cases  of  chronic  benzene  poisoning  occurring  in  Great  Britain  and 
believed  to  be  due  to  -work  in  premises  coming  under  the  Factories 
Acts  are  notifiable  to  the  Chief  Inspector  of  Factories,  Flome  Office, 
Whitehall,  London. 

Symptomatic:  In  acute  gassing  by  any  of  this  group  the  usual  methods  of  resuscitation 
resuscitation  warmth,  artificial  respiration,  administration  of  oxygen 

and  carbon  dioxide  mixture,  and  injection  of  coram ine  as  a  respiratory 
stimulant.  Careful  watching  is  necessary  because  relapses  occur;  for  the 
same  reason  and  because  of  the  sequelae  already  referred  to,  patients 
should  be  prevented  from  returning  to  work  too  early. 

Return  to  In  chronic  benzene  poisoning  the  patient  must  be  removed  from 
exposure  and  should  not  be  permitted  to  return  to  any  work  involving 
exposure  to  benzole  so  long  as  any  evidence  of  the  disease  remains. 
When  the  blood  picture  cannot  be  restored  to  normal  the  patient  should 
never  return  to  such  work. 

Blood  Cases  of  chronic  poisoning  must  be  treated  by  repeated  blood  trans- 

tronsfusion  fusions  and  it  must  be  remembered  that  the  toxic  influence  may  persist 
even  after  removal  from  exposure.  The  results  of  treatment  are  so  poor 
as  to  convince  all  who  have  studied  the  subject  that  the  use  of  benzene  in 
industry  must  be  ruthlessly  suppressed  except  where  the  process  used 
is  entirely  closed.  Fortunately  in  Great  Britain  it  has  been  possible  to 
do  this  and  it  is  rare  for  more  than  one  or  two  cases  to  be  notified 
annually,  and  in  many  years  no  case  has  been  notified. 
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1536.]  The  coal-tar  derivatives  are  so  numerous  and  complex  that  it 
is  difficult  for  the  toxicologist  to  keep  pace  with  the  chemists  who 
produce  them.  The  following  compounds  will  be  discussed:  mononitro- 
henzene,  dinitrobenzene,  phenylenediamine,  trinitrotoluene,  dinitro- 
phenol,  and  aniline.  It  is  sometimes  possible  to  predict  from  the  chemical 
composition  of  the  simpler  members  of  the  group  what  their  physio¬ 
logical  action  is  likely  to  be.  Addition  of  a  nitre-  or  nitroso-group 
usually  produces  a  more  toxic  compound,  but  it  does  not  follow  that 
toxicity  will  continue  to  increase  as  more  nitro-groups  are  added.  Thus 
2~4dinitropheiiol  is  toxic,  whereas  trinitrophenoTis  practically  harmless. 
The  position  of  the  substituent  groups  in  the  benzene  ring  has  a  great 
effect  on  the  toxic  action.  Thus  the  toxic  properties  of  2-4  dinitrophenol 
are  not  shared  by  any  of  the  other  isomers.  When  a  nitro-compound 
is  reduced  to  an  amine,  as  when  nitrobenzene  is  reduced  to  aniline  or 
nitrotoluene  to  a  toluidine,  the  toxic  character  remains  much  the  same 
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but  the  intensity  of  the  action  is  lessened.  Sulphonation  renders  a  Sulphonation 
compound  non-toxic;  as  soon  as  aniline  is  sulphonated  it  ceases  to  give 
trouble.  The  entrance  of  chlorine  into  an  aromatic  compound  does  not  Chlorination 
increase  the  toxicity  as  it  does  in  the  case  of  an  aliphatic  compound. 

In  fact,  chlorbenzene  is  less  toxic  than  benzene. 

Nitrobenzene  and  aniline  act  mainly  on  the  blood,  converting  haemo-  Methaemo- 
globin  into  methaemoglobin.  The  symptoms  they  produce  are  essentially  slobmaemm 
similar,  so  that  the  following  subdivision  under  different  headings  is 
to  some  extent  artificial.  (See  also  Cyanosis,  Enterogenous,  VoL  III, 
p.  520.) 

(1)  — ^Mononitrobenzene 

Mononitrobenzene  (oil  of  mirbane),  CgHgNOs,  is  a  liquid  used  in 
the  manufacture  of  aniline.  It  is  regarded  by  experienced  men  as 
distinctly  more  dangerous  than  aniline.  Mononitrobenzene  is  more 
poisonous  to  the  nervous  system  than  dinitrobenzene,  but  the  latter 
has  a  more  destructive  action  on  the  blood. 

Hamilton  (1919)  recorded  the  case  of  an  elderly  man  who  was  at  work  in 
a  soap  factory  in  Boston,  carrying  a  five-gallon  can  of  oil  of  mirbane.  He 
spilt  some  of  the  fluid  on  his  trousers,  became  shaky  and  suddenly  collapsed  Absorption ^ 
spilling  more  of  the  fluid  on  himself.  His  mirbane-soaked  clothing  was  not  through  skin 
removed  before  he  was  sent  to  hospital,  and  it  is  not  surprising  that  his 
condition  was  serious  when  he  arrived  there.  He  was  unconscious  with  slow 
irregular  breathing  but  a  good  pulse.  The  pupils  were  small,  irregular,  and 
fixed.  The  skin  was  a  pale  grey-blue  colour.  Some  blood  withdrawn  from  Cyanosis 
a  vein  was  chocolate  coloured.  Respiration  failed  but  the  action  of  the  heart 
was  good  until  just  before  death  which  occurred  one  hour  after  admission. 

Since  nitrobenzene  is  absorbed  through  the  skin,  the  victim  of  such 
an  accident  as  this  should  be  stripped  promptly  of  his  clothes,  sponged 
with  weak  acetic  acid  or  vinegar,  and  provided  with  a  shower-bath  and 
clean  clothes. 

(2)  — ^Dinitrobenzene 

Dinitrobenzene,  is  used  in  the  manufacture  of  dyes.  It 

was  the  principal  explosive  used  by  the  Germans  in  the  War  1914-18  Use  as^^ 
and  its  toxic  properties  were  responsible  for  113  deaths  in  Bavaria 
from  1915  to  1918.  It  is  solid,  and  in  consequence  cases  of  poisoning 
develop  less  rapidly  and  are  less  severe  than  in  the  case  of  mononitro¬ 
benzene.  Poisoning  occurs  amongst  men  who  either  shovel  or  melt 
dinitrobenzene.  In  a  mild  case  there  is  a  sense  of  pressure  in  the  head 
which  increases  to  a  violent  throbbing  headache  with  dizziness  and  Cyanosis 
dyspnoea.  In  severe  cases  the  face  is  deeply  cyanosed;  the  lips,  tongue, 
and  ears  are  purple;  and  there  are  nausea,  sometimes  vomiting,  abdominal 
pain,  a  staggering  gait,  and  extreme  weakness.  An  attack  seldom  occurs 
during  work;  a  man  is  more  usually  overcome  some  hours  after  he  has 
left  the  plant. 

The  main  effect  of  dinitrobenzene  is  the  conversion  of  oxyhaemoglobin 
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into  niethaemoglobin.  The  blood  may  be  chocolate  coloured  and 
sometimes  it  is  possible  to  detect  the  bands  of  methaeinoglobin 
spectroscopically  (see  Vol.  11,  Plate  VI,  lacing  p.  499).  Malden  described 
the  blood  changes  in  twenty-one  men  engaged  in  the  maniitacture  of 
dinitrobenzene.  The  red  cells  were  considerably  reduced  in  numbers 
and  constantly  showed  marked  basophil  granulation.  The  haemoglobin 
was  proportionately  decreased,  the  colour  index  being  normal.  The 
total  white  cells  were  increased  but  with  a  considerable  relative  decrea.se 
in  the  polymorphonuclear  cells.  Methaemoglobin,  haematopoiphyiin, 
haemoglobin,  and  even  albumin  have  been  found  in  the  urine.  The 
smoky  colour  of  the  urine  may  be  noticed  by  the  men  themselves  soon 
after  their  first  contact  with  nitrobenzene  or  aniline.  Only  very  rarely 
does  toxic  jaundice  occur. 

In  1901  White  and  Hay  carried  out  experiments  proving  conclusively 
that  the  main  channel  of  absorption  of  dinitrobenzene  is  through  the 
skin.  In  Great  Britain  before  the  War  there  were  only  two  or  three 
factories  making  nitro-derivatives  ol  benzene,  and  about  as  many 
making  use  of  them  in  the  manufacture  of  explosives.  The  factory 
where  the  manufacture  was  on  the  largest  scale  gave  rise  to  more 
anxiety  than  any  other  in  the  country  (Legge,  1916).  The  reason  was 
that  there  was  not  sufficient  other  employment  to^  allow  work  on 
dinitrobenzene  to  be  alternated  with  work  not  involving  such  contact. 
One  factory  had  to  close  down  altogether  during  a  hot  summer, 
because  there  were  not  enough  healthy  men  left  to  carry  on  the  work. 
Legge  (1916)  described  another  factory  where,  as  a  result  of  overtime, 
hot  weather,  and  inadequate  ventilation  twenty-eight  cases  of  illness 
with  two  deaths  occurred  in  the  course  of  a  few  weeks.  With  reduction 
of  contact  to  four  hours  a  day  the  symptoms  disappeared.  Thus  a 
useful  preventive  measure  is  to  reduce  the  dose  of  the  poison.  It  is 
well  known  that  cases  of  poisoning  are  more  frequent  in  hot  close 
weather  than  during  the  colder  seasons  of  the  year.  Persons  under 
20  and  over  50  seem  to  succumb  sooner  than  those  between  30  and  40 
years  of  age.  Lack  of  care  and  unclean  habits  are  predisposing  causes; 
those  who  do  not  change  their  working  clothes  on  returning  home 
may  sit  before  the  fire  and  absorb  the  poison  from,  the  evaporatmn 
of  crystals  or  from  the  material  in  solution  on  their  clothing.  Absorption 
from  the  alimentary  canal  is  more  rapid  if  the  stomach  is  empty,  and 
it  is  therefore  desirable  that  men  should  take  a  meal  before  they  begin 
work.  Alcohol  undoubtedly  favours  absorption,  and  several  instances 
are  on  record  in  which  poisoning  has  supervened  after  indulgence  m 
alcohol  in  ordinary  amounts. 

(3)— Phenylenediamine 

Phenylenediamine,  C,H,(NH,)2,  is  used  for  two  similar  purposes: 
for  dyeing  hair  black  and  as  a  dye  for  furs.  The  dye  ursol  as  used 
commercially  is  a  mixture  of  the  meta-  and  paru-isoniers  of  phenylene- 
diamine,  and  it  seems  likely  that  the  production  of  aniline  in  the 
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tissues  is  responsible  at  least  in  part  for  the  toxic  symptoms.  It  is  well 
known  that  it  may  cause  dermatitis  and  sometimes  asthma  in  susceptible  Dermatitis 
persons.  In  1929  Mayer  and  Forster  examined  181  persons  employed 
in  the  fur  trade  in  which  /:7^?ra-phenylenediamine  was  used  as  a  dye  and 
found  that  111  had  suffered  from  dermatitis  or  asthma.  Its  systemic 
effects  are  much  rarer  and  have  received  less  attention. 

Nott  fully  described  a  remarkable  case  of  systemic  poisoning  in  the  proprietor 
of  a  hairdressing  saloon.  This  patient  had  suffered  for  three  years  from 
attacks  of  weakness  and  vomiting  sometimes  followed  by  unconsciousness. 

After  a  night’s  rest  the  effects  disappeared.  He  was  seen  in  a  severe  attack, 
when  his  face  was  cyanosed  and  swollen.  The  lips  were  violet,  the  tongue  Cyanosis 
swollen,  and  the  gums  purple.  The  patient  had  been  applying  phenylene- 
diamine  for  a  considerable  time,  and  after  three  months’  avoidance  of  exposure 
to  the  dye  he  had  no  further  symptoms. 

Israels  and  Susman  (1934)  recorded  the  death  of  a  girl  aged  twenty-one  who 
for  five  years  had  worked  in  a  hairdressing  department  as  a  dyer.  She  used 
phenylenedianiine  and  was  provided  with  rubber  gloves,  but  after  she  had 
applied  the  dye  she  had  to  shampoo  the  hair,  and  for  this  the  gloves  were 
removed.  At  no  time  had  she  experienced  any  affection  of  the  skin  directly 
traceable  to  the  dye.  She  developed  toxic  jaundice  and  died  of  hepatic 
insufiiciency  after  an  illness  lasting  seven  months.  At  necropsy  the  liver  was  Necrosis 
small  and  showed  the  changes  of  subacute  atrophy  with  regeneration  nodules. 

The  patient  was  evidently  unusually  susceptible  to  the  poison. 

(4) — Trinitrotoluene 

Before  the  War  (1914-18)  little  was  known  about  the  toxic  effects 
of  trinitrotoluene,  C6H2CH3(N02)3,  though  indeed  in  German  shell 
factories  four-hour  shifts  were  the  rule.  The  War  imposed  extraordinary 
'  conditions  and  it  was  soon  found  that  cyanosis,  toxic  jaundice,  and 
aplastic  anaemia  could  occur  as  a  result  of  poisoning.  By  1916  at  least 
25,000  people  in  Great  Britain  were  employed  in  shell-filling  alone.  ShelhfilUng 
Work  was  carried  on  under  the  greatest  pressure,  and  men  were 
almost  entirely  replaced  by  women.  The  first  symptoms  of  poisoning  Symptoms 
by  this  compound  were  drowsiness,  headache,  nausea,  loss  of  appetite, 
epigastric  pain,  vomiting,  and  giddiness.  Examination  showed  some 
degree  of  cyanosis  of  the  lips,  followed  by  dyspnoea,  with  marked 
drowsiness  and  staggering  gait.  Dermatitis  in  the  form  of  a  diffuse  Dermatitis 
erythema  often  occurred  on  the  dorsal  surfaces  of  the  wrists  and  on 
the  face  and  neck.  The  symptoms  described  either  came  on  gradually 
after  several  days’  or  weeks’  work,  or  they  appeared  on  a  hot  day 
after  a  few  hours’  work  and  caused  collapse.  If  cyanosis  occurred  in 
one  in  ten  of  the  workers,  toxic  jaundice  probably  affected  one  in 
five  hundred. 

Between  1916  and  1919,  407  cases  of  toxic  jaundice  were  notified  and  Toxic 
of  these  109  died,  giving  a  mortality  rate  of  about  0*05  per  cent  in  all 
persons  handling  trinitrotoluene.  The  greatest  incidence  of  jaundice 
occurred  in  the  third  month  of  employment.  Premonitory  symptoms 
such  as  drowsiness,  giddiness,  depression,  and  dark  urine  were  some¬ 
times  present,  but  the  onset  was  often  quite  sudden.  Sometimes  a 
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latent  interval  occurred  between  removal  from  exposure  and  the  onset 
of  jaundice  Thus  a  woman  who  left  work  owing  to  an  injury  developed 
jaundice  five  weeks  later  (Panton,  1917).  The  intensity  of  the  jaundice 
varied,  and  it  was  sometimes  accompanied  by  irregular  fever.  The 
prognosis  was  always  uncertain,  but  grave  symptoms  of  hepatic 
insufficiency  sometimes  appeared  rapidly.  The  mortality  rate  for  all 
cases  was  25  per  cent.  The  morbid  appearances  were  those  of  yellow 
and  red  necrosis  of  the  liver  with  great  reduction  in  its  size  and  weight 
(17  to  36  ounces).  The  necrosis  of  the  liver  cells  was  associated  with 
infiltration  and  subsequent  fibrosis,  resembling  ordinary  portal  cirrhosis. 
There  was  little  attempt  at  regeneration  (Turnbull). 

Aplastic  anaemia  sometimes  occurred  among  trinitrotoluene  workers, 
but  its  incidence  must  have  been  very  small.  In  19 17  Panton  investigated 
34  cases  of  sickness  arising  among  workers  handling  this  substance. 
Of  these  28  had  toxic  jaundice,  6  had  aplastic  anaemia,  and  4  were 
examples  of  a  somewhat  severe  gastric  disturbance  without  jaundice 
or  anaemia.  Toxic  jaundice  and  anaemia  appeared  to  be  separate  and 
independent  pathological  states.  Anaemia  might  occur  without  jaundice 
and  only  about  17  per  cent  of  the  jaundiced  patients  became  anaemic. 
The  latency  of  the  blood  changes  was  even  longer  than  the  latency 
of  the  jaundice,  for  it  was  found  that  anaemia  could  develop  as  long 
as  nine  months  after  exposure  to  trinitrotoluene  had  ceased.  The 
anaemia  was  usually  if  not  always  fatal.  At  necropsy  fatty  marrow  was 
found  throughout  all  the  bones.  There  was  an  excess  ot  iron  pigment 
in  the  liver  and  multiple  haemorrhages  were  found  in  the  tissues 

(Turnbull).  ,  ■  j- 

Studies  of  the  precise  occupation  of  those  who  contracted  jaundice 
(Legge,  1917),  together  with  experimental  studies  (Moore),  proved 
that  the  skin  was  themain  channel  of  absorption .  Experience  in  industry 
goes  to  show  that  when  a  poison  is  absorbed  by  this  route  the  applica¬ 
tion  of  preventive  measures  is  most  difficult;  trinitrotoluene  was  no 
exception.  By  1918  the  risk  of  poisoning  had  been  greatly  diminished 
not  by  any  single  precaution  but  by  the  combination  of  several,  of 
which  alternation  of  employment,  periodical  medical  examination, 
ventilation,  and  clean  working  conditions  were  the  chief.  Success  was 
not  achieved  until  mechanical  means  were  substituted  for  the  Iran 
filling  of  shells,  combined  with  measures  of  cleanliness  which  were  so 
precise  as  to  prevent  the  contamination  of  the  outside  of  the  shells  by 
trinitrotoluene. 


(5) — ^Dinitropheaol 

As  already  stated,  the  2-4  isomer  of  dinitrophenol,  CsH30H.(N0i;)2, 
is  the  one  which  has  toxic  properties.  These  were  revealed  in  the  Wa^ 
especially  in  French  shell-filling  factories.  The  illness  begins  with 
lassitude  and  the  worker  may  notice  yellow  patches  on  the  covered 
parts  of  the  skin,  due  to  excretion  in  the  sweat  of  dinitrophenol.  Tremor, 
excitement,  and  intense  thirst  follow,  and  the  face  may  he  slightly 
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cyanosed.  In  severe  cases  orthopnoea,  hyperpyrexia,  and  convulsions 

set  in  and  death  occurs  in  a  condition  resembling  uraemia.  The  urine  Urine  tests 

is  of  an  orange-yellow  colour  and  gives  a  diazo  reaction  which  serves 

both  quantitatively  and  qualitatively  to  determine  the  amount  of  the 

poison  absorbed,  and  so  to  give  a  clear  indication  as  to  when  suspension 

and  transference  to  other  work  are  necessary.  The  reaction  is  probably 

due  to  the  presence  in  the  urine  of  the  reduction  product  aminonitro- 

phenoL  At  necropsy  no  pathognomonic  feature  is  found;  there  is  no  Necropsy 

atrophy  of  the  liver. 

In  1 9 1 8  when  it  became  necessary  in  Great  Britain  to  use  dinitrophenol, 
the  manufacturers  profited  by  the  experience  in  France  and  took 
extensive  precautions.  The  men  employed  were  provided  with  a  complete  Changes  of 
set  of  underclothing  and  overalls  into  which  they  changed  from  their 
working  clothes,  a  separate  cubicle  being  provided  for  each  man.  The 
washing  and  bathroom  facilities  were  all  that  could  be  desired.  Well 
designed  exhaust  ventilation  was  applied  locally  to  take  away  the  fumes  Exhaust 
in  the  melting  of  the  compound  and  also  in  the  filling  of  shells.  Any 
dust  that  collected  around  the  margin  of  the  shell  was  removed  by  a 
vacuum  cleaner.  As  a  result  of  these  measures,  combined  with  daily 
examination  of  the  urine,  little  or  no  trouble  was  experienced  in  the 
use  of  dinitrophenol,  and  only  one  fatal  case  occurred  in  England  during 
the  War  (Legge,  1934). 

(6) — ^Aniline 

Aniline,  C^HgNHs,  is  a  colourless  oily  liquid  which  darkens  on 
exposure  to  air  or  light.  It  is  handled  in  the  manufacture  of  dyes,  in  Industrial 
the  dyeing  and  cloth-pressing  industries,  in  the  extraction  of  resin, 
and  in  the  rubber  industry. 

Aetiology 

Aniline  poisoning  arises  usually  from  inhalation,  but  absorption  Routes  of 
through  the  skin  and  less  frequently  inhalation  of  dusts  of  aniline  ^ 
compounds  may  cause  it.  In  the  descriptions  of  poisoning  by  nitro¬ 
benzene  stress  was  laid  upon  the  results  of  carelessness  in  the  splashing 
of  clothes  without  at  once  changing  them  (see  p.  173).  The  same 
dangers  apply  in  the  case  of  aniline.  Equally  the  breaking  of  vessels 
containing  aniline  and  entering  chambers  filled  with  its  vapour  must 

be  avoided.  In  the  absence  of  efficient  locally  apphed  exhaust-ventilation 

the  packing  of  paranitraniline  in  powder  form  may  give  rise  to  symptoms. 

Aniline  black  dyeing  sometimes  leads  to  poisoning. 

Clinical  picture 

The  symptoms  of  aniline  poisoning  are  similar  in  all  respects  to  those  Anilism 
of  nitrobenzene  poisoning.  The  convenient  term  anilism  may  be  used 
to  cover  the  symptoms  produced  by  most  of  the  nitro-  and  amino- 
derivatives  of  benzene.  In  acute  aniline  poisoning  there  is  headache, 
weakness,  difficulty  in  breathing,  cyanosis,  loss  of  power  in  the  limbs, 
and  giddiness.  In  severe  cases  the  cyanosis  is  more  intense  and  prostra- 
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tioii  occurs  with  z.  cold  moist  skin,  sii'icill  pulse,  uir  hunger,  dtid  ©ven 
death  in  coma.  When  recovery  occurs  it  is  often  gradual  and  may  be 
accompanied  by  increased  frequency  of  micturition. 

In  chronic  poisoning  the  workers  show  slight  cyanosis,  second¬ 
ary  anaemia,  and  sometimes  sleeplessness,  headache,  giddiness,  and 
abdominal  discomfort.  In  hot  weather  practically  all  the  men  exposed 
to  aniline  and  similar  compounds  in  a  dye  works  show  cyanosis. 

Preventive  treatment 

The  manufacture  of  nitrobenzene  and  the  reduction  of  nitrobenzene 
and  nitrotoluene  to  aniline  and  toluidine  must  take  place  in  closed 
vessels.  Even  so  escape  of  small  ejuantities  of  aniline  into  the  atmosphere 
is  very  difficult  to  prevent  unless  ample  ventilation  is  provided.  There¬ 
fore  in  addition  to  the  technical  regulations  there  must  be  insistence 
on  cleanliness  of  the  work-rooms,  personal  cleanliness  on  the  part  of 
the  workers,  and  provision  of  baths  and  changes  ot  clothing.  Contact 
with  aniline  and  nitrobenzene  especially  on  the  skin,  and  also  the 
spilling  and  splashing  of  these  Iluids,  must  be  carefully  avoided.  All 
workers  must  be  suitably  instructed  as  to  the  symptoms  ol:  nitrobenzene 
and  aniline  poisoning  and  the  right  steps  to  take  if  poisoned.  Regular 
medical  inspection  of  wor  k  men  is  desirable. 

Symptomatic  treatment 

Workers,  and  especially  those  newly  employed,  must  be  under  super¬ 
vision  in  order  that  assistance  may  be  rendered  them  on  the  first  signs 
of  poisoning.  Medical  assistance  should  be  within  easy  reach.  Systematic 
instruction  should  be  given  in  first-aid  methods  and  the  use  of  apparatus 
for  oxygen  and  carbon  dioxide  inhalation.  The  possibility  of  skin 
absorption  must  always  be  borne  in  mind.  A.  victim  whose  skin  or 
clothing  has  been  splashed  with  aniline  may  turn  blue  in  the  face  and 
begin  to  stagger.  Someone  may  take  him  out  to  thefresh  air  or  administer 
oxygen,  when  what  he  most  needs  is  to  have  his  clothes  stripped  off 
and  be  given  a  bath.  Workers  entering  stills  and  similar  chambers 
should  always  be  equipped  with  breathing  apparatus  and  a  supply  of 
oxygen.  Other  aids,  such  as  safety  belts  which  are  held  by  helpers, 
involve  certain  risks,  especially  as  the  rescuer  is  easily  induced  to  spring 
to  the  assistance  of  his  unfortunate  mate  without  the  necessary  breathing 
equipment.  The  frequency  of  such  accidents  calls  urgently  for  the  use 
of  breathing  apparatus. 

(7) — Aniline  Tumours  of  the  Bladder 

Workers  employed  in  the  manufacture  of  synthetic  dyes  sometimes 
suffer  from  tumours  of  the  bladder, "  an  association  first  recorded  by 
Rehn  in  1895.  At  that  date  the  commercial  preparation  of  aniline  dyes 
had  been  established  for  some  thirty  years  and  had  become  a  flourishing 
industry,  especially  in  Germany.  Rehn  discovered  three  cases  of  bladder 
tumour  among  a  group  of  forty-five  men  who  were  engaged  in  the 
preparation  of  fuclisine,  and  suggested  that  the  condition  followed  a 
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chronic  irritation  of  the  mucous  membrane  of  the  bladder  by  certain 
chemical  compounds  excreted  in  the  urine  over  a  period  of  many  years. 

In  1912  Leuenberger  published  eighteen  similar  cases  from  Basle  and 
offered  valuable  statistical  evidence  showing  that  the  incidence  of  this 
disease  was  thirty-three  times  greater  among  dye  workers  than  among  Incidence 
the  remainder  of  the  male  population.  Curschmann  undertook  a 
systematic  inquiry  into  all  traceable  cases  of  aniline  cancer  from 
German  dye  factories  up  to  1920  and  was  able  to  collect  177  cases. 

In  the  British  manufacture  of  synthetic  dyes  about  40  fatal  cases  have 
been  recorded.  Similar  observations  have  been  made  in  the  United  Other 
States  of  America,  in  the  Union  of  Socialist  Soviet  Republics,  and  in 
Austria  and  Italy.  The  total  number  of  these  occupational  tumours  so 
far  put  on  record  in  the  various  countries  is  approximately  550;  this 
does  not  represent  the  total  incidence. 

The  manufacture  of  these  dyes  involves  the  use  and  production  of 
many  chemical  substances.  It  is  not  known  which  substance  attacks 
the  bladder,  but  it  seems  to  be  an  amino-  not  a  nitro-compound,  and 
it  is  most  likely  Z?e/a-naphthylamine.  It  is  possible  that  no  one  substance 
is  responsible  and  the  following  have  been  accused:  aniline,  para-  Substances 
toluidine,  xylidines,  naphthylamines,  fuchsine,  benzidine,  and  rosaniline. 

The  choice  of  the  name  ‘aniline  cancer’  is  unfortunate,  since  it  conveys 
the  impression  that  aniline  is  the  poison  responsible  for  the  condition. 

The  terra  ‘amino  tumour’  has  been  suggested  by  Oppenheimer  (1926). 

The  difficulties  met  with  in  trying  to  trace  the  substance  really  responsible 
are  typical  of  those  found  in  the  investigation  of  all  complex  industrial 
processes.  In  the  dye  industry  it  is  very  common  to  have  two  distinct 
processes  going  on  in  the  same  room.  Further,  in  the  case  of  a  disease 
with  such  a  long  latent  period,  the  workman  may  have  changed  from 
one  factory  to  another  or  from  one  department  in  the  same  factory  to 
another,  each  change  bringing  new  compounds  into  question.  Lastly 
the  same  compounds  used  in  different  processes  may  be  attended 
with  very  different  degrees  of  danger.  Thus,  in  making  benzidine  there 
may  be  more  actual  exposure  to  aniline  vapour  than  in  the  manu¬ 
facture  of  aniline  itself  (Hamilton,  1925). 

Hueper,  Wiley,  and  Wolfe  (1938)  succeeded  in  producing  papillo- 
matosis  and  carcinomatosis  of  the  bladder  in  female  dogs  by  daily 
subcutaneous  and  oral  treatment  with  ia/^-naphthylamine  (from  300  naphthyl- 
to  450  mgm.  daily  in  capsules)  for  from  twenty  to  thirty-two  months. 

The  lesions  observed  in  cystoscopic  and  histological  examinations  of 
the  bladders  of  twelve  of  the  sixteen  dogs  thus  treated  were  identical 
with  those  seen  by  these  authors  in  cystoscopic  and  histological 
exanainations  of  dye  workers.  The  tumours  continued  to  grow  and  to 
become  more  numerous  in  some  of  the  dogs  after  the  treatment  had 
been  discontinued.  In  one  dog  the  first  neoplasms  in  the  bladder  were 
noted  several  months  after  exposure  had  ceased.  Metastatic  deposits 
were  not  found  in  necropsies  performed  upon  the  dogs,  though  in  one 
case  the  carcinoma  had  invaded  the  subserosa  of  the  bladder. 
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The  patient  first  seeks  advice  because  of  haematuria,  and  cystoscopy 
reveals  a  papilloma,  sometimes  benign,  sometimes  malignant.  Macalpine 
(1929)  pointed  out  that  there  is  often  a  premonitory  period  in  which 
the  patient  suffers  from  symptoms  of  cystitis  such  as  frequency  of 
micturition  with  strangury.  He  has  found  the  cystoscopic  picture  to 
differ  from  that  seen  in  septic  cystitis  in  that  the  mucosa  is  more  brightly 
red  and  shows  a  tendency  to  mottling.  The  morbid  anatomy  and 
histology  of  aniline  tumours  appears  to  be  identical  with  that  of  other 
bladder  tumours.  Cases  showing  metastases  occur  but  are  not  common. 
The  most  usual  period  of  exposure  is  about  twelve  years,  but  tumours 
have  developed  in  men  who  had  been  working  in  the  dye  industry 
from  four  to  twenty-seven  years.  A  number  of  men  may  work  together 
for  thirty  years  in  a  dye  factory  under  apparently  identical  conditions 
and,  although  bladder  tumours  may  arise  early  in  some  of  them  and 
late  in  others,  the  majority  never  develop  any  tumours  at  all.  Though 
there  is  no  doubt  that  aniline  and  related  compounds  can  be  absorbed 
through  the  skin,  cases  of  aniline  tumour  of  the  bladder  probably 
arise  from  absorption  through  the  lungs  after  inhalation,  for  members 
of  the  clerical  staff  of  dye  factories  have  occasionally  been  similarly 
affected. 

Curschmann  (1920)  observed  that  the  incidence  of  bladder  tumours 
diminished  considerably  in  the  Frankfurt  district  alter  the  institution 
of  various  protective  measures  in  the  factories,  such  as  general  clean¬ 
liness  in  the  work-rooms,  adequate  exhaust  pipes  for  the  removal 
of  the  fumes,  mechanical  transport  of  chemical  products  in  closed 
containers,  and  various  improvements  in  the  persona!  hygiene  of  the 
workmen.  Nevertheless  bladder  tumours  still  occur  in  large  numbeis 
in  the  dye  industry  in  various  parts  of  the  world. 

Workers  should  know  of  the  tendency  of  aniline  and  its  compounds 
to  produce  new  growths  in  the  bladder.  Soon  after  the  discovery  of 
such  tumours  in  1895  facilities  were  provided  in  the  HSchst  factories 
for  cystoscopic  examination  of  every  suspicious  case.  Credit  was  due 
to  the  management  for  this  step,  and  similar  measures  have  now  been 
instituted  in  dye  works  all  over  the  world.  The  strongest  argument 
for  the  routine  use  of  the  cystoscope  in  aniline  dye  works  is  that  men 
have  remained  well  for  a  number  of  years  after  cysto-diathermy  of 
a  papilloma.  Early  diagnosis  of  all  cases  would  ensure  removal  of 
every  papilloma  before  it  did  any  harm, 

ll.-CHLORINATED  HYDROCARBONS 

1537.)  The  rapid  growth  of  the  moulded  plastic  and  cellulose  lacquer 
industries  has  led  to  the  extensive  use  of  many  new  solvents  most  of 
which  were  little  more  than  chemical  curiosities  before  about  1925. 
Amongst  these  are  the  chlorinated  hydrocarbons  which  have  flooded 


S.KEY  1536-1537]  INDUSTRIAL  POISONING  181 

the  market  largely  because  the  alkali  industry  requires  an  outlet  for 
its  by-product  chlorine.  The  various  members  of  the  group  are  useful  Industrial 
as  refrigerants,  as  degreasers  of  metals,  fire-extinguishers,  cleansers 
of  textiles,  solvents  for  rubber,  and  thinners  of  cellulose  lacquers. 

They  are  non-inflammable,  non-combustible,  and  non-explosive,  but 
they  are  far  from  harmless  in  their  effects  on  the  human  body.  The 
action  of  carbon  tetrachloride  has  been  extensively  studied  because  of 
its  use  in  hookworm  therapy.  Tetrachlorethane  dramatically  attracted 
attention  in  the  War  (1914-18),  and  a  mass  poisoning  from  leaking 
refrigerators  in  Chicago  has  led  to  an  increase  in  knowledge  of  the 
action  of  methyl  chloride.  Trichlorethylene  has  been  studied  because 
of  its  extensive  use  in  dry  cleaning. 

(1)— Methyl  Chloride 

The  first  cases  of  poisoning  by  methyl  chloride,  CH3CI,  in  industry 
were  reported  by  Gerbis  in  1914.  These  were  two  men  working  in  a 
chemical  plant,  who  suffered  from  nausea,  vomiting,  and  restlessness 
followed  by  somnolence,  and  then  by  dimness  of  vision  which  did  not 
clear  up  for  fourteen  days  after  leaving  work.  Subsequently  forty-one 
cases  were  reported  in  Switzerland,  Germany,  and  the  United  States, 
all  of  them  employed  upon  making,  installing,  or  repairing  refrigerators. 

The  famous  Chicago  cases  described  by  Kegel  et  ah  in  1929  were  most 
of  them  non-industrial.  They  recorded  twenty-nine  cases  with  ten  deaths. 

Three  of  the  non-fatal  cases  were  industrial.  There  was  a  rise  of  tem¬ 
perature,  pulse,  and  respiratory  rate,  usually  with  oliguria  and  occasion¬ 
ally  with  suppression  lasting  up  to  forty-eight  hours.  Evidence  of  acute  Suppression 
nephritis  was  found  in  about  half  the  cases.  Anaemia  occurred  in  some 
of  the  men  affected,  the  red  cells  dropping  as  low  as  3,100,000  per  c.mm. 
and  the  haemoglobin  as  low  as  50  per  cent.  Sometimes  there  was 
leucocytosis  with  a  normal  differential  count.  So  far  only  one  case 
has  been  recorded  in  Great  Britain.  The  affected  person,  employed  by 
an  engineering  firm,  was  engaged  in  repairing  a  refrigerator  in  a  private 
house.  The  symptoms  included  giddiness,  weakness  of  extremities,  General 
sickness,  blurring  of  vision,  and  pharyngitis,  which  incapacitated  him 
for  several  days  (Bridge,  1931). 

(2) — Carbon  Tetrachloride 

Carbon  tetrachloride,  CCI4,  is  used  in  industry  as  a  solvent  for  fats  Industrial 
and  rubber,  for  dry  cleaning,  for  cleaning  oil  from  machinery,  and 
under  the  name  pyrene  as  a  fire  extinguisher.  In  animal  experiments 
it  has  been  shown  to  cause  necrosis  of  the  liver  (Lamson,  et  al  1929).  In  Symptoms 
man  it  may  attack  both  liver  and  kidneys,  but  in  most  clinical  histories 
so  far  pubhshed  the  symptoms  of  renal  injury  overshadow  those  of 
hepatic  injury.  The  early  stages  of  the  illness  are  characterized  by 
persistent  headache,  nausea,  vomiting,  diarrhoea,  and  tenderness  over 
the  liver,  but  such  symptoms  are  often  followed  by  oliguria,  suppression 
of  urine,  and  uraemia. 
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Deaths  in  industry  from  the  anaesthetic  effects  of  carbon  tetrachloride 
are  seldom  encountered,  though  they  have  occurred  from  the  use  of 
this  substance  as  a  dry  shampoo  for  the  hair.  Cases  of  chronic  poisoning 
are  not  numerous  but  are  rapidly  increasing.  Boveri  (1930)  of  Milan 
recorded  the  case  of  a  young  man  who  worked  two  days  degreasing 
with  carbon  tetrachloride  in  a  poorly  ventilated  room.  On  the  evening 
of  the  second  day  he  was  suddenly  taken  ill  with  vomiting,  abdominal 
pain,  and  vertigo,  followed  by  suppression  of  urine  and  coma.  There 
was  then  a  slight  rise  of  temperature  followed  by  jaundice,  but  after 
two  months  he  recovered.  Mauro  (1930)  of  Milan  reported  five  cases 
in  men  occupied  in  the  preparation  of  an  insecticide  containing  carbon 
tetrachloride.  Two  were  poisoned  severely,  enlargement  of  the  liver, 
albuminuria,  and  casts  being  noted.  Subsequently  profound  diuresis 
occurred  and  both  patients  recovered. 


Henggeler(1931)  reported  six  cases  of  poisoning  in  one  family  in  Rorschach, 
Switzerland.  For  three  days  the  family  worked  for  long  hours  cleaning  and 
waxing  the  floors  of  a  large  school.  The  wax.  which  contained  carbon 
tetrachloride,  was  first  heated  by  the  man  and  then  applied  hot  by  the  entire 
family.  All  the  patients  suffered  by  the  end  of  the  third  day  from  nausea,  head¬ 
ache,  and  malaise.  The  man,  however,  who  had  undoubtedly  breathed  more 
of  the  vapour  than  the  others  while  heating  the  wax,  became  dangerously 
ill  with  mental  confusion,  headache,  hiccup,  nausea,  vomiting,  diarrhoea, 
and  scanty  urine  loaded  with  albumin.  At  the  end  of  three  weeks  he  was 
exhausted  and  emaciated  having  lost  29  pounds  in  weight,  but  he  gradually 
recovered  after  three  months. 


In  1932  McGuire  reported  from  Boston  seven  cases  of  poisoning 
among  workers  passing  felt  through  a  warm  mixture  containing  33-3 
per  cent  of  carbon  tetrachloride  to  remove  spots  of  grease.  The  sy  mptoms 
caused  were  smarting  around  the  eyes  and  mouth,  headache,  nausea, 
vomiting,  diarrhoea,  with  acute  nephritis  in  one  case  and  jaundice 
with  liver  enlargement  in  two.  All  the  patients  recovered,  the  two  with 
subacute  necrosis  of  the  liver  remaining  jaundiced  for  two  months. 
Dudley  (1935)  described  two  exposures  to  the  vapour  of  carbon 
tetrachloride  sprayed  from  fire  extinguishers  in  confined  spaces  in 
British  warships  and  one  exposure  in  a  large  well  ventilated  workshop. 
Four  men  were  poisoned  in  the  first  two  exposures  and  were  kept 
under  observation  in  hospital.  They  all  showed  impairment  of  renal 
function  but  they  all  recovered.  One  suffered  from  oliguria  and  jaundice 
and  ten  days  after  exposure  developed  uraemic  convulsions.  The  blood 
urea  rose  to  302  mgm.  per  100  c.c.  and  the  patient  was  practically 
moribund  when  on  the  thirteenth  day  polyuria  developed  and  he 
unexpectedly  rallied.  Another  man  had  almost  complete  anuria  for  ten 
days,  but  no  jaundice  and  no  other  symptoms  of  uraemia.  None  of 
the  fourteen  men  who  were  exposed  in  the  large  workshop  developed 
any  untoward  symptom  or  showed  any  impairment  of  renal  function. 
Personal  idiosyncrasy  was  striking,  since  there  was  no  relation  between 
the  amount  of  exposure  and  the  severity  of  symptoms.  This  author 
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emphasized  that  the  accidents  he  described  cannot  be  used  as  an 
argument  against  the  employment  of  carbon  tetrachloride  as  a  fire 
extinguisher.  It  must  be  remembered  that  the  prompt  use  of  this  liquid 
has  saved  a  multitude  of  people  from  death  by  burning  or  asphyxiation 
by  the  poisonous  gases  which  are  normally  present  in  smoke  fumes; 
while  on  the  other  hand  it  appears  that  the  victims  of  poisoning  from 
the  vapour  of  carbon  tetrachloride,  even  those  apparently  very  ill, 
usually  make  a  perfect  recovery. 

In  treatment  of  cases  acutely  poisoned  by  exposure  to  the  vapour  in  Treatment  of 
sufficient  quantity  to  cause  anaesthesia,  it  is  important  that  the  patient  pofso^ng 
should  not  be  placed  upon  the  floor  of  the  room  where  the  accident 
occurred,  for  the  vapour  is  five  times  denser  than  air  and  therefore 
accumulates  on  the  floor.  Chronic  poisoning  should  be  treated  by  Of  chronic 
alkaline  glucose  drinks,  together  with  large  doses  of  calcium  lactate 
up  to  15  grams  a  day.  Calcium  gluconate  may  be  given  by  intramuscular 
injection.  The  use  of  sugar  and  calcium  salts  is  based  upon  the  accidental 
discovery  by  Minot  (1928)  that,  though  carbon  tetrachloride  causes  a 
severe  intoxication  in  dogs  on  a  meat  diet,  the  addition  of  calcium  salts 
to  such  a  diet  produces  a  high  degree  of  tolerance  to  the  drug.  The 
symptoms  of  poisoning  are  gastro-intestinal  irritation  and  hyper¬ 
excitability  followed  by  depression.  There  is  a  retention  of  guanidine 
in  the  blood  and  a  hypoglycaemia.  The  relief  and  protection  given  by 
calcium  salts  seem  to  depend  upon  their  antagonistic  effect  to  the  re-  Calcium 
tained  guanidine.  She  found  that  when  calcium  salts  were  administered 
to  poisoned  animals  the  nervous  symptoms  were  relieved  and  the  blood- 
sugar  was  restored  to  normal.  However,  if  the  blood-sugar  was  raised 
by  the  administration  of  glucose  the  hyperexcitability  persisted  until 
calcium  salts  were  given  in  addition. 

(3) — ^Tetrachlorethane 

Tetrachlorethane,  CHCI2.CHCI2,  is  a  very  good  solvent  for  cellulose  Use^as^ 
acetate,  which,  being  non-inflammable,  is  used  for  purposes  for  which 
cellulose  nitrate,  or  celluloid,  is  not  adapted.  Cellulose  acetate  was  the 
chief  constituent  of  the  dope  used  as  a  waterproof  coating  for  the  wings 
of  aeroplanes  in  the  War,  and  it  is  now  used  to  make  non-inflammable 
cinema  film.  In  1 9 1 1  Lehmann  proved  that  tetrachlorethane  was  the  most  Toxicity 
dangerous  of  all  the  chlorinated  hydrocarbons,  being  about  four  times 
as  toxic  as  chloroform  and  nine  times  as  toxic  as  carbon  tetrachloride. 

In  1914  Jungfer  reported  the  first  cases  of  industrial  poisoning  from 
tetrachlorethane.  They  occurred  in  Germany  in  an  aeroplane  plant 
where  eight  men  were  employed  spraying  a  solution  of  cellulose  acetate 
over  the  linen  which  covered  the  wings.  Four  of  the  men  became  Jaundice 
jaundiced,  and  one  died.  This  incident  saved  the  Germans  from  serious 
trouble  in  aeroplane  manufacture,  for  before  the  outbreak  of  war  the 
use  of  this  solvent  in  aeroplane  doping  was  prohibited. 

In  England  the  first  cases  came  to  light  in  November,  1914,  when 
nineteen  workers  developed  jaundice  in  an  aeroplane  works  at  Hendon. 
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One  man  died  after  working  eleven  weeks  as  a  doper,  and  it  was  proved 
that  his  death  was  due  to  tetrachlorethane  (Willcox,  1915).  The  large 
number  affected  at  the  same  time  was  due  to  the  feet  that  a  plenum 
system  of  ventilation  was  installed  in  the  works  and  it  blew  the  heavy 
vapour  into  every  corner  of  the  large  shed  where  the  work  was  being 
done.  Aeroplane  works  were  springing  up  all  over  the  country,  overtime 
was  being  worked  to  the  utmost,  and  all  the  dope  used  contained  the 
noxious  ingredient.  Periodic  medical  examination  at  fortnightly  intervals 
in  the  50  or  60  factories  was  organized.  Exhaust  ventilation  by  fans 
which  changed  the  air  in  the  doping  rooms  25  to  30  times  an  hour  was 
insisted  on,  and  alternation  of  employment  was  recommended.  Condi¬ 
tions  were  ameliorated  to  such  an  extent  that  no  outbreak  affecting  so 
large  a  number  of  workers  in  any  factory  occurred  subsequently,  but 
there  were  many  isolated  cases  and  deaths,  and  many  workers  continued 
to  be  suspended  at  the  medical  examinations.  Attempts  to  solve  the 
problem  by  diminishing  the  quantity  of  tetrachlorethane  in  the  dope 
failed,  for  even  as  little  as  10  percent  proved  to  be  dangerous.  Pressure 
was  brought  to  bear  to  find  a  substitute  for  tetrachlorethane  and  in 
July,  1917,  the  War  Office  and  Admiralty  were  able  to  announce  that 
no  dope  containing  tetrachlorethane  was  being  made  or  used.  Seventy 
known  cases  of  toxic  jaundice  with  twelve  deaths  had  been  reported 
up  to  that  time  (Lcgge,  1917). 

The  symptoms  of  poisoning  are  a  general  malaise,  loss  of  appetite, 
nausea,  headache,  and  constipation.  After  indelinilc  .symptoms  of  this 
kind  lasting  several  days  or  even  weeks  jaundice  develops,  and  vomiting 
is  then  likely  to  become  more  marked.  In  latal  cases  necrosis  of  the 
liver  is  found  in  the  form  of  acute  red  and  yellow  atrophy.  In  one 
case  the  liver  weighed  only  19  oz.  Minot  and  Smith  (1921)  found  that 
the  blood  changes  in  mild  poisoning  consist  of  an  increase  of  large 
mononuclear  cells  up  to  40  per  cent,  with  a  slight  elevation  of  the 
white  count.  Parmenter  (1921)  used  the  above  teat  in  order  to  detect 
early  poisoning  among  the  workers  in  a  silk  factory,  and  claims  that 
he  prevented  in  this  way  the  development  of  a  single  case  of  jaundice. 
Amyl  acetate  can  often  be  used  as  a  solvent  in  place  of  tetrachlor¬ 
ethane, 

(4) — ^Trichlorethylene 

The  purveyors  of  trichlorethylene,  CHChCClj,  recommend  it  as  an 
ideal  non-inflammable  non-poisonous  solvent,  but  experience  shows 
that  it  is  far  from  harmless.  It  is  used  extensively  in  dry  cleaning  and 
it  has  assumed  an  important  place  in  the  list  of  fat  and  rubber  solvents 
displacing  to  some  extent  carbon  tetrachloride.  Stiiber  (1931)  recorded 
no  less  than  284  cases  of  poisoning  from  trichlorethylene,  including 
twenty-six  deaths,  in  German  industry;  she  described  the  powerful 
narcotic  effect  of  triclilorethylene,  loss  of  consciousness  having  occurred 
in  117  cases.  Twelve  of  the  deaths  occurred  in  men  who  failed  to  recover 
consciousness  after  prolonged  exposure  to  a  large  dose.  Chronic 
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exposure  has  been  held  responsible  for  paralysis  of  the  sensory  fibres  of 
the  fifth  nerve,  and  also  for  retrobulbar  neuritis  followed  by  optic 
atrophy.  An  indirect  form  of  injury  to  the  eye  has  been  noted  by  the 
German  factory  inspectors  who  have  found  corneal  ulcer  resulting  Corneal  ulcer 
from  a  foreign  body  in  the  eye,  the  workman  not  having  been  aware 
of  its  presence  because  the  cornea  had  been  rendered  insensitive. 

Apparently  trichlorethylene  is  not  so  likely  to  attack  the  liver  as 
tetrachlorethane.  Willcox  (1934)  described  a  case  of  toxic  jaundice  in  a 
boy  aged  16  years  who  had  been  employed  dipping  safety  razor  blades 
into  a  tub  containing  trichlorethylene.  Before  admission  to  hospital 
he  had  been  jaundiced  for  a  month  and  had  frequently  vomited.  The  Jaundice 
temperature  was  normal  and  the  liver  enlarged.  There  was  a  little 
albumin  in  the  urine.  Gradually  the  jaundice  cleared  up  and  the  liver 
became  normal  in  size. 

When  solutions  containing  trichlorethylene  are  applied  to  the  in-  Precautions 
terior  of  closed  vats  the  men  should  w^ork  in  pairs,  relieving  each 
other  frequently.  The  man  in  the  enclosed  space  should  be  provided 
with  a  life-belt  and  also  with  an  apparatus  through  which  he  can 
breathe  air  from  outside.  The  use  of  capsules  of  trichlorethylene  for  Therapeutic 
trigeminal  neuralgia  is  inadvisable.  After  its  introduction  about  1925 
this  mode  of  therapy  remained  popular  for  some  time  but  eventually 
proved  disappointing. 


12 -OTHER  ORGANIC  COMPOUNDS 
(1) — Carbon  Disulphide 

1538.]  Carbon  disulphide  (CS2)  is  a  colourless  hquid  becoming  yellow 
on  standing  under  the  influence  of  light,  with  an  ethereal  odour  when 
pure  but  a  very  unpleasant  smell  if  impure.  It  has  an  extremely  low 
auto-ignition  temperature  so  that  even  contact  with  a  warm  steam 
pipe  or  electric  lamp  bulb  may  be  sufficient  to  cause  ignition  of  the 
vapour.  The  minimal  explosive  mixture  in  air  is  19  volumes  in  1,000. 

Carbon  disulphide  is  used  in  the  rubber  industry,  in  the  manufacture  Industrial 
of  artificial  silk,  in  extraction  processes,  in  pharmaceutical  processes,  in 
the  manufacture  of  waterproof  cements  and  transparent  paper,  in  the  per¬ 
fume  industry,  in  the  manufacture  of  matches,  and  as  an  insecticide 
for  vines  and  tobacco  plants. 

Late  in  the  nineteenth  century  cases  of  poisoning  in  which  mental  History 
symptoms  predominated  were  described  (Laudenheimer,  1899).  About 
this  time  factories  were  known  in  which  the  windows  of  the  vulcanizing 
room  had  been  barred  to  keep  men  in  an  acute  stage  of  poisoning  from 
leaping  out  during  attacks  of  mania. 

Inhalation  of  concentrated  vapours  of  carbon  disulphide  causes  a  Acute  ^ 
narcotic  condition  preceded  or  followed  by  delirium  and  accompanied 
by  dilatation  of  the  pupils,  loss  of  reflexes,  and  in  severe  cases  respiratory 
paralysis  and  death.  Slighter  cases  are  characterized  by  headache, 
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giddiness,  breathlessness,  vomiting,  precordial  and  abdominal  pain, 
and  palpitations.  The  symptoms  may  subside  rapidly  on  removal  of 
the  patient  to  the  fresh  air  or  some  may  persist  for  several  weeks  or 
even  months  after  an  acute  attack. 

The  symptoms  of  chronic  poisoning  have  been  classed  as  psychopathic. 
Parkinsonian,  polyneuritic,  or  gastro-intestinal.  Mild  chronic  poisoning 
is  characterized  by  fatigue,  giddiness,  heaviness  and  pain  in  the  limbs, 
increasing  pain  in  the  forehead  and  temples,  restlessness,  and  difficulty 
in  concentration  accompanied  by  tingling  in  the  legs.  The  psychosis 
which  sometimes  occurs  is  most  commonly  ot  the  maniacal  type  with 
acute  confusion,  delirium,  and  hallucinations.  The  disorder  may 
subside  after  a  few  months  or  may  pass  into  incurable  dementia 
(Peterson,  1892).  In  persons  disposed  to  hysteria  carbon  disulphide 
may  act  as  an  exciting  agent  (Pierre  Marie,  1 888).  A  number  ot  cases 
are  characterized  by  the  tremor,  muscular  hypertonicity,  ataxy,  and 
mental  depression  of  the  Parkinsonian  syndrome  (Quarelli,  1930).  In 
a  typical  case  weakness  of  the  limbs,  irritability,  and  seborrhoeic  fiicies 
are  seen.  The  most  noticeable  physical  sign  is  tremor  suggesting 
paralysis  agitans  affecting  arms,  hands,  tongue,  face,  and  eyelids.  In 
the  polyneuritic  syndrome  there  is  loss  ot  power  in  the  muscles  of  the 
upper  and  lower  limbs  so  that  the  gait  is  unsteady  and  the  grip  weak. 
Loss  of  sensation  is  less  constant  than  loss  of  motor  power,  but  in 
severe  cases  anaesthesia  has  been  present  from  the  chin  downwards. 
Diminution  of  visual  acuity  progressing  to  amblyopia  occurs  in  a  lew 
cases.  It  may  be  due  to  retrobulbar  neuritis  and  a  bilateral  central 
scotoma  for  colours  has  been  recorded.  Nausea,  vomiting,  abdominal 
pain,  and  constipation  are  common  early  symptoms  of  chronic  poison¬ 
ing.  Anaemia  with  a  low  colour  index  is  sometimes  seen  but  is  rarely 

severe.  Impotence  has  been  recorded. 

The  manufacture,  handling,  and  use  of  carbon  disulphide  should  be 
carried  out  as  far  as  possible  in  air-tight  closed  automatic  apparatus. 
Ventilation  of  the  work-rooms  should  be  by  downward  exhaust  ventila¬ 
tion  at  floor  level.  Workers  should  stand  on  platforms  and  not  work 
in  pits.  Substitutes  for  carbon  disulphide  with  less  toxic  properties 
should  be  adopted  whenever  practicable,  as  for  example  carbon  tetia- 
chloride,  trichlorethylene,  and  acetone,  according  to  the  precise  process 
in  question.  Alternation  of  employment  with  rest  periods,  or  work  in 
shifts  should  be  arranged.  Waterproof  clothes,  gloves,  and  footwear 
are  necessary,  but  clothes,  walls,  and  floors  readily  become  impregnated 
and  require  to  be  frequently  and  thoroughly  cleaned.  Regular  medical 
examination  is  called  for,  and  every  workman  showing  tremor  of  the 
hands,  weakness  of  the  legs,  or  a  visual  defect  should  be  transferred 
at  once  to  other  work  or  rejected  altogether.  Susceptibility  may  manifest 
itself  afresh,  even  after  prolonged  treatment,  as  soon  as  further  exposure 
takes  place.  Susceptible  persons  should  not  be  employed.  Special  pre¬ 
cautions  should  be  taken  against  the  risk  of  explosion  and  fire. 
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(2)  — ^Acetone 

Acetone,  CH3.CO.CH3,  is  an  excellent  solvent  for  cellulose  acetate  Industrial 
and  nitrocellulose;  it  is  used  in  making  celluloid,  artificial  silk,  and 
cordite.  No  cases  of  chronic  poisoning  from  acetone  have  ever  been 
reported.  If  inhaled  in  excess  it  has  a  stupefying  effect  like  that  of  Mild  acute 
alcohol  but  nothing  worse.  effects 

(3)  — ^Diethylene  Dioxide 

Under  the  trade  name  dioxan,  diethylene  dioxide,  (C4H8O2),  is  used  as  Industrial 
a  degreaser,  as  a  solvent  for  nitrocellulose  coatings,  in  the  manufacture 
of  artificial  silk,  and  in  the  preparation  of  paint  removers.  According 
to  Yant  et  al  (1930)  acute  poisoning  from  the  vapour  consists  in  irrita¬ 
tion  of  eyes,  nose,  throat,  and  bronchi  with  narcosis  if  the  concentration 
is  high. 

In  1934  Barber  recorded  the  deaths  of  five  men  which  occurred  from 
exposure  to  dioxan  in  the  manufacture  of  artificial  silk  in  a  works  Artificial 
near  Derby.  The  process  on  which  they  were  employed  had  been  in  use 
for  a  considerable  time,  but  for  four  or  five  weeks  before  they  became 
ill  exposure  to  the  vapour  was  intensified  by  the  speeding  up  of  work 
on  one  machine.  All  the  men  who  died  worked  on  this  machine. 

Diethylene  dioxide  is  not  highly  volatile  under  ordinary  conditions, 
but  here  the  men  in  the  course  of  their  duties  had  to  put  their  heads 
into  the  vat  containing  the  noxious  substance. 

The  premonitory  symptoms  were  nausea,  vomiting,  and  abdominal  General 
pain.  In  two  cases  an  abdominal  emergency  was  diagnosed.  In  no  case 
was  there  jaundice  to  indicate  necrosis  of  the  liver.  From  about  the 
third  day  of  the  illness  the  urine  was  scanty,  and  in  one  case  it  was 
found  to  contain  blood  and  albumin.  The  symptoms  of  uraemia  with  Urinary 
suppression  of  urine  were  predominant  after  the  first  few  days  and  death 
occurred  in  about  a  week.  In  one  case  the  blood  urea  reached  346  mgm. 
per  100  c.c.  The  blood  count  in  three  cases  showed  no  anaemia  nor  Blood  picture 
change  in  the  red  cells,  but  a  leucocytosis  (24,000  leucocytes  per  c.mm.) 
with  a  high  percentage  of  neutrophils  was  found.  In  the  four  cases 
submitted  to  necropsy  haemorrhagic  nephritis  was  found,  associated  Morbid 
with  areas  of  necrosis  of  the  liver  without  bile  staining  or  fatty  change, 

Absorption  evidently  occurred  by  inhalation  and  the  severity  of  the 
changes  in  the  kidneys  suggests  that  death  was  due  to  the  great  increase 
of  the  dose  which  occurred  when  the  process  was  intensified. 


13.-INJURIES  FROM  X-RAYS 

1539.]  Within  three  months  of  the  announcement  by  Rdntgen  of  his 
discovery  of  X-rays  in  November  1895  it  became  known  that  con¬ 
junctivitis  could  occur  after  some  hours  of  exposure  to  irradiation. 
Within  a  year  erythema,  swelling  and  necrosis  of  the  skin,  alopecia. 
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and  chronic  radio-dermatitis  were  reported.  In  1897  attention  was 
directed  to  the  acute  constitutional  symptoms,  namely,  colicky 
abdominal  pain  and  diarrhoea.  By  1902  Codman  was  able  to  collect 
171  cases  of  accidental  X-ray  burns,  less  than  half  of  which  were  serious 
X-ray  and  about  one-third  of  which  occurred  in  X-ray  workers.  More  than 

pioneers  two-thirds  of  these  injuries  occurred  in  the  first  two  years  ot  the  use 

of  X-rays.  In  1902  a  case  of  cancer  was  recorded  following  chronic 
ulceration  caused  by  X-rays.  By  191 1  Hesse  collected  94  such  cases,  ot 
which  54  occurred  in  medical  men  or  technicians,  and  in  1914  Feygin 
tabulated  104  cases  of  malignant  disease  caused  by^X-irradiation. 

First  death  The  first  death  recognized  as  due  to  the  action  ot  X-rays  occurred  as 
recently  as  1914  in  a  radiologist,  Tiraboschi  of  Bergamo. 

He  had  worked  for  14  years  with  X-rays  and  had  taken  no  precautions. 
For  several  years  he  had  had  a  radio-dermatitis  ot  the  left  hand  and  of  the 
right  side  of  the  face.  In  the  last  three  years  of  his  life  he  lost  his  strength 
and  became  pale.  Finally  he  bled  from  the  gums  and  iwcropsy  revealed 
aplastic  anaemia  together  with  atrophy  of  the  testes  (Fabei,  1923). 

In  1922  Ledoux-Lebard  estimated  that  100  radiologists  had  died  from 
malignant  disease  due  to  their  occupation.  ,  -  i 

Deaths  occurred  among  radiologists  exposed  to  X-rays  bet  ore  the 
importance  of  adequate  protection  was  realized  and  unfortunately  still 
Profisskmal  occur.  So  far  nearly  all  the  victims  have  been  research  workers,  radio- 
workers  logists,  laboratory  assistants,  technicians,  and  nurses. 

Cases  of  industrial  origin  did  not  occur  until  later,  because  the  use 
Industrial  of  X-rays  in  industry  began  later.  Industrial  workers,  unlike  professional 
workers  workers,  are  often  quite  ignorant  of  the  possible  dangers  ol  thcappauitus 
they  use,  so  that  industry  is  now,  with  respect  to  the  use  ot  radio-active 
substances,  about  where  medical  practice  was  in  1914.  There  is,  how¬ 
ever,  no  reason  why  the  lamentable  history  of  the  pioneers  in  the 
medical  field  should  be  repeated.  The  human  experiments  have  been 
made,  the  tragic  results  of  carelessness  demonstrated,  and  the  measures 
necessary  for  adequate  protection  are  known  and  available  to  anyone 

who  cares  to  learn  them.  •  i  u  + 

Industrial  The  possible  uses  of  X-rays  in  industry  are  many  and  varied,  but 
uses  of  X-rays  apparently  little  developed  as  yet.  They  may  be  used  for  the  detection 
of  defects,  cracks,  and  blowholes  in  castings,  of  defects  in  alloys  from 
faulty  mixture,  of  corrosion  in  cables  or  gas  cylinders,  and  ol  defects 
in  reinforced  concrete  or  in  welding.  Rubber  heels  may  be  examined 
by  the  fluoroscope  to  see  if  the  metal  plate  is  in  the  centre.  X-rays  are 
also  used  to  sort  fresh  eggs  from  stale,  to  reveal  mineral  adulterants  in 
vegetable  foods,  and  weevils  in  grain.  For  the  examination  of  metals 
and  all  thick  specimens  very  penetrating  rays  must  be  used. 


Clinical  picture 

Injuries  which  follow  a  short  single  exposure,  or  perhaps  several 
exposures,  may  vary  enormously  in  intensity.  In  mild  cases  there  is 
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simply  a  transient  reddening,  lasting  a  few  days  and  followed  by  scaling 

and  loss  of  hair.  If  the  burn  is  deeper,  blisters  appear  which  may  be  X-ray  burns 

serous  or  purulent,  and  the  condition  resembles  that  following  a  scald 

but  is  less  acute  and  slower  to  heal.  Sometimes  the  process,  instead  of 

disappearing  in  a  few  weeks,  penetrates  to  the  deeper  layers  of  the  skin 

and  to  the  subcutaneous  tissues  with  the  formation  of  a  leathery  slough 

surrounded  by  a  brawny  indurated  swelling  with  ill  defined  limits.  The 

process  is  exceedingly  slow  and  obstinate  and  has  a  tendency  to  progress 

and  to  resist  treatment  in  a  remarkable  way.  It  is  at  times  very  painful. 

In  chronic  X-ray  dermatitis  the  changes  in  the  hands  begin  round  the  Dermatitis 
base  of  the  nails  as  a  peculiar  erythema  and  gradually  increase.  Trans¬ 
verse  and  longitudinal  ridges  appear  on  the  nails,  which  become  brittle, 
assume  a  characteristic  dirty  brown  appearance,  tend  to  separate  from 
the  matrix,  and  eventually  thicken  and  form  shapeless  masses.  The  skin 
becomes  uniformly  red  and  atrophied;  small  warts  appear,  increase  in  Warts 
size  and  number  and,  when  situated  over  the  knuckles,  crack  and 
cause  much  pain.  Later  the  dry  thickened  skin  shows  telangiectases, 
absence  of  hair,  paronychia,  and  ulcers  which  are  slow  to  heal  and  Ulcers 
prone  to  break  down.  The  hair  follicles  and  the  sebaceous  and  sweat 
glands  completely  disappear  in  cases  of  long  standing.  The  freedom  of 
the  palms  of  the  hands  may  be  due  to  the  naturally  thicker  skin  there, 
but  the  greater  liability  to  exposure  of  the  backs  of  the  hands  and 
fingers  is  probably  the  more  important  factor.  The  lesions  are  as  a  rule 
slowly  progressive.  Post-irradiation  telangiectases,  which  have  been  Telangi- 
regarded  as  compensatory  for  obliteration  of  the  vessels  in  the  corium, 
usually  appear  within  two  years,  and  sometimes  in  the  absence  of  an 
initial  erythema;  in  some  instances  the  interval  between  irradiation  and 
the  appearance  of  telangiectases  is  prolonged,  even  to  fiLfteen  years.  If 
exposure  is  continued  the  lesions  may  progress  to  involve  the  tendon-  Lesions  in 
sheaths  and  joints.  There  may  be  intense  pain  of  which  the  severity  is 
out  of  proportion  to  the  size  of  the  lesions;  it  is  caused  by  the  exposure 
of  nerve-endings. 

Squamous-celled  carcinoma  is  almost  always  the  form  of  malignant  Squamaus- 
disease  which  has  followed  excessive  X-ray  exposure  and  long  con-  ^carcfnoma 
tinned  X-ray  dermatitis  in  man.  Although  most  often  seen  in  radio¬ 
logists  and  manufacturers  of  X-ray  apparatus.  X-ray  carcinoma  may 
also  occur  in  patients  who  have  undergone  treatment  by  X-irradiation. 

In  1914  Feygin  collected  six  cases  of  this  kind.  One  of  the  earliest 
victims  of  X-ray  carcinoma  was  a  man  engaged  in  the  manufacture  of 
X-ray  lamps  (Frieben,  1902).  The  interval  between  the  onset  of  chronic 
X-ray  dermatitis  and  the  appearance  of  malignant  disease  varies  from 
three  to  twenty-seven  years.  The  average  of  35  cases  was  seven  years 
(Feygin).  The  age  incidence  from  35  to  50  is  comparatively  early,  that 
of  ordinary  carcinoma  of  the  skin  being  between  55  and  58.  The  most 
frequent  site  of  the  growth,  which  is  not  uncommonly  multiple,  is  on* 
the  backs  of  the  hands  and  fingers,  and  the  hand  more  exposed  appears 
to  be  the  one  more  severely  affected,  the  left  in  radiologists  and  the 
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right  in  those  engaged  in  the  inaiiiifacture  of  appaiatus  (Feygin). 
Among  radiologists  carc!iiom.a  usually  develops  in  an,  ulcer,  less  olten 
Fain  in  keratotic  areas.  The  predominating  symptom  is  pain,  which  may 

be  constant  and  very  severe  and  has  been  ascribed  to  invasion  ol  the 
terminations  of  nerves  by  the  growth  and  to  a  neuritis. 

BcmMd  Occasionally  basahcelled  carcinoma  results  from  X^irradiation.  in 
cardtunm  one  case  a  basal-celled  carcinoma  of  the  scalp  appeared  eighteen  years 
after  epilation  for  ringworm  (Burrows).  A  case  has  also  been  recorded 
of  multiple  basal-celled  carcinomas  on  the  trunk  of  a  radiographer 

(O’Donovan,  1927).  ^  i  , 

ConstituiUmal  Constitutional  symptoms  only  became  prominent  after  the  mtroduc- 
symptorns  of  deep  X-ray  therapy,  in  which  massive  doses  ot  deep  penetrating 

rays  were  given. 

In  1923  A.  E.  Barclay  gave  the  following  description  of  his  own.  symptoms. 
After  1 2  years’  work  and  much  screen  examination  with  inadequate  protection 
during  the  War,  he  began  to  have  painless  attacks  of  profuse  diarrhoea,  at 
first  without  other  symptoms  but  later  attended  by  initial  malaise,  nausea, 
vomiting,  and  on  a  few  occasions  by  the  passage  of  intestinal  casts.  Eventually 
it  became  necessary  for  him  to  give  up  work  and  the  symptoms  then  ceased 
after  three  weeks.  Return  to  work  was  followed  by  an  attack  20  days  later, 
and  on  eight  occasions  such  an  interval  of  18  to  20  days  was  detinitely 
established.  He  then  adopted  the  most  efRcient  means  of  protection  known, 
a  lead  apron  to  cover  the  abdomen,  and  remained  tree  from  turther  attacks. 


Severe  type  Severe  constitutional  symptoms  may  occur.  They  are  nausea, 

trollable  vomiting,  sometimes  with  hacmalemcsis,  diarrhoea  with^the 
passage  of  blood,  abdominal  pain  and  distension,  lever  up  to  104  ,b., 
restlessness,  profound  prostration,  progressive  cardiac  tailure,  sratill 
Death  rapid  pulse,  and  dyspnoea.  When  death  has  occurred  it  has  usually 

taken  place  about  the  fourth  day  from  the  onset.  Both  animal  experi¬ 
ments  and  necropsies  of  human  victims  show  that  the  application  ol 
X-rays  to  the  abdomen  may  result  in  necrosis  of  the  intestinal  mucosa. 
SteriUtv  As  long  ago  as  1 905  unsuspected  sterility  was  found  in  eighteen  persons 
who  had  for  various  periods  been  exposed  to  X-rays  (Brown  and 
Osgood).  As  acute  degenerative  changes  are  known  to  follow  vigorous 
irradiation  in  almost  all  the  organs  of  the  body,  the  development  of 
chronic  fibrosis  should  be  anticipated  as  a  further  result.  In  two  o 
the  famous  radiologists  who  died  from  X-ray  injuries,  Tirahoschi  and 
Nordentoft,  necropsy  revealed  fibrous  atrophy  of  the  testes  (Faber). 

Bloodchanges  Changes  in  the  blood  in  X-ray  workers  were  early  noted  and  have 
been  extensively  studied.  The  lymphocytes  are  first  increased  in  number 
by  small  doses  of  X-rays,  then  diminished.  The  red  cells  may  also  be 
increased  at  first,  but  anaemia  sets  in  later  and  may  become  very 
extreme.  In  patients  who  recover  the  anaemia  is  slower  to  disappear 
than  is  the  leucopenia.  Tiraboschi  died  of  a  profound  anaemia  evi¬ 
dently  aplastic  in  character  (Faber,  1923).  To-day  the  possibility  of 
exposure  to  radium  should  always  be  excluded  before  attributing 
aplastic  anaemia  in  an  X-ray  worker  to  X-irradiation. 
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Preventive  treatment 
Methods  to  protect  the  X-ray  worker  from  injury  have  been  worked 
out  all  too  slowly.  Within  the  first  few  months  after  their  discovery  it 
was  found  that  X-rays  were  stopped  more  effectively  by  lead  than  by  Protection 
any  other  common  metal.  Hence  lead  for  protection  came  into  use 
very  early.  To-day  lead,  lead  glass,  lead  rubber,  and  lead  bakelite  are 
extensively  used.  Transparent  lead  glass  windows  in  tube  containers 
were  first  used  about  1900.  At  that  time  the  need  for  protecting  both 
operator  and  patient  during  radiographic  exposure  was  very  great, 
because  low  voltages  were  used  with  consequent  long  exposure  to  a 
very  soft  and  easily  absorbed  radiation.  For  example,  to  radiograph 
the  spine  required  exposures  up  to  one  hour.  That  the  radiologist  was 
not  more  frequently  affected  by  the  scattered  radiation  of  such  exposures 
was  due  to  the  fact  that  during  them  he  might  retire  to  another  room 
to  see  other  patients.  About  1903  there  appeared  a  multitude  of 
protective  devices  to  be  worn  by  the  radiologist,  including  apron,  jacket, 
gloves,  and  goggles.  This  type  of  protection  gradually  reached  its  peak 
about  1914,  when  necessity  threw  caution  to  the  winds  and  the  more 
elaborate  devices  gave  place  to  means  of  protection  which  were  built  Built-in 
into  the  apparatus.  To-day  there  is  international  agreement  as  to  the 
most  effective  methods  of  prevention.  In  Great  Britain  such  methods 
have  been  widely  adopted  and,  although  they  have  no  strictly  legal 
recognition,  powers  of  inspection  and  approval  have  been  placed  in 
the  hands  of  the  National  Physical  Laboratory. 

It  is  important  that  the  industrial  physician  should  plan  measures  for  Protection  in 
'  the  protection  of  employees  against  the  dangers  of  X-irradiation,  for 
in  large  manufacturing  establishments  there  are  X-ray  departments 
for  diagnosis  as  extensive  and  as  much  used  as  the  average  hospital 
department.  Here  the  problem  may  include  protection  of  workers  in 
neighbouring  rooms,  for  unless  walls  and  floors  are  very  thick  or  are 
rendered  impermeable  by  the  use  of  lead,  X-rays  may  pass  through 
them  and  cause  injury. 

Symptomatic  treatment 

X-ray  carcinoma  should  be  treated  by  radium  or  by  diathermic 
coagulation.  H.  Bordier,  a  victim  of  the  disease,  claimed  that  radium 
aggravates  the  dermatitis,  as  occurred  in  the  case  of  his  teacher 
J.  Bergonie  of  Bordeaux.  Bordier  strongly  recommended  diathermic 
coagulation  under  a  local  anaesthetic  and  J.  Nicholas,  who  was  himself 
treated  in  this  way,  confirmed  the  benefit  obtained  by  this  method. 

Aplastic  anaemia  should  be  treated  by  repeated  blood  transfusions. 


14.-INJURIES  FROM  RADIO-ACTIVE  SUBSTANCES 

1540.]  Considering  the  much  larger  number  of  workers  in  X-rays  than 
in  radium,  the  gamma  rays  of  radium  appear  to  have  a  greater  tendency 
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than  X-rays  to  cause  aplastic  anaemia;  this  impression  is  suppoited  by 
the  experimental  evidence  that  the  penetrative  rays  of  radium 

reach  the  bone  marrow  more  readily  than  do  X-rays  (Mottiani). 
Examination  of  the  'workers  in  the  London  Radium  Institute  where 
radium  applicators  are  prepared  and  tested,  and  also^ot  hospital 
attendants  who  apply  them,  revealed  a  low  white-cell  countin  mote  than 
half  the  cases  examined  (M:ottranuind  Clarke).  In  the  workers  definitely 
exposed  to  radiiini  the  red-cell  count  was  low  as  compared  with 
employees  not  so  exposed.  Three  fatal  cases  ol  aplastic  anacinia  occiined 
in  this  Institute,  one  in  a  nurse  and  two  in  laboratory  assistants.  Wed 
and  Lacassagne  reported  the  cases  ot  two  chemical  enginecis  working 
with  radium  and  thoriuni-X.  One  of  them  died  of  aplastic  anaemia  and 
the  other,  although  exposed  tc)  the  same  lonn  (>l  radiation,  died  oi 
typical  myeloid  leiikaeniia.  Attractive  as  it  might  he  to  suppose  that 
small  doses  of  X-rays  or  radium  exert  a  stimulating  acUon  on  the  bone 
marrow,  this  idea  is  speculative,  and  at  present  it  is  salcr  to  be  content 
with  the  view  that  the  occurrence  of  leukaemia  in  workers  with  radium 
and  X-rays  is  a  coincidence  (Rollesion). 

The  chief  use  of  radium  salts  in  industry  has  been  in  the  manufactuie 
of  luminous  paint  for  the  figures  of  clocks  and  watches  and  certain 
imporhint  parts  of  the  machinery  of  aeroplanes.  There  is  an  interesting 
but  rare  form  of  industrial  risk  from  the  swallowing  of  radio-active 
substances  in  this  work.  This  has  occurred  at  two  lactoiics  only,  one 
in  New  Jersey  and  the  other  in  Connecticut  (Minn),  Iwcnly  deaths 
have  occurred,  16  of  girls  employed  in  painting  luminous  dials  and  4 
of  chemists  or  physicists.  In  the  New  Jersey  works  4S  oases,  ol  which 
18  were  fatal,  occurred  among  some  800  workers  who  were  employed 
there  from  1917  to  1924. 

Dermatitis  due  to  radium,  isolated  by  theCuries  in  1898,  was  reported 
in  October  1900.  In  December  of  the  same  year  Oiesel  published  an 
account  of  the  skin  lesion  caused  by  exposing  his  arm  lor  two  houis  to 
a  celluloid  capsule  containing  radium  bromide.  In  the  following  year 
Becquerel,  the  discoverer  of  radio-activity,  and  P.  C  urie  described  their 
own  experiences;  Becquerel  had  carried  an  insuHicicntly  protected  tube 
of  radium  salts  in  his  waistcoat  pocket  for  six  hours;  week  the 

skin  became  red  and  eleven  days  later  it  ulcerated.  C-urie  repeated 
GiesePs  experiment,  keeping  radium  chloride  in  contact  with  his  skin 
for  ten  hours,  and  in  three  weeks’  time  an  ulcer  appeared.  Dermatitis 
has  since  been  reported  in  a  number  ol  persons  engaged  in  making 
radium  preparations  and  less  olten  in  medical  men. 

In  the  New  Jersey  wa'tch  industry  most  of  the  cases  occurred  from 
four  to  seven  years  after  the  girls  had  left  the  works.^  The  ill  effects 
included 'severe  anaemia,  sonieti'mes  aplastic,  necrosis  of  the  jaw, 
spontaneous  fractures,  and  sarcoma,  of  bone.  The  results ^  of  a'o  inquiry 
into' this  occupation 'in  the  United  States  were  s'um;marized  by  Maitland 
(1931).  The  paint  consisted  of  crystalline  phosphorescent  zinc  sulphide 
rendered  permanently  luminous  by  the  addition  of  a  very  small  propor- 
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tion  of  insoluble  sulphates  of  radium,  mesothorium,  and  radiothorium. 

The  girls  affected  introduced  the  paint  into  their  mouths  through  the 

habit  of  pointing  the  brush  between  their  lips,  and  swallowed  it  for 

periods  of  from  one  to  four  or  more  years.  The  insoluble  radio-active  Deposition  in 

materials  became  deposited  in  the  body  to  such  an  extent  that  even  ^  ^ 

during  life  radio-active  emanations  could  be  detected  in  the  expired  air. 

After  death  the  bones  were  found  to  be  the  tissue  in  which  the  materials 

had  mainly  accumulated.  The  anaemia  resulted  from  the  continuous 

bombardment  of  the  haematogenous  marrow  by  alpha  particles  and  it 

was  found  that  these  changes  were  quite  different  from  those  due  to 

external  irradiation  with  beta  and  gamma  rays  only.  The  necrosis  of  Necrosis  of 

the  jaw  was  similar  to  that  produced  by  phosphorus  and  is  attributed  ^ 

to  infection  supervening  upon  changes  in  the  bones. 

Radio-activity  in  the  bones  and  teeth  could  be  demonstrated  by  auto-  Auto- 

.  ,  ,  ,  1  ,  j  4.  photography 

photography.  Dental  films  in  dark  paper  envelopes  when  strapped  to 

the  bones  showed  photographic  impressions  in  from  fourteen  to  thirty 

days.  The  outlines  of  metal  clips  and  coins  placed  between  the  bone  and 

the  surface  of  the  film  were  clearly  visible.  These  autophotographs  were 

produced  by  beta  and  gamma  rays  coming  from  deposits  in  the  bones, 

the  alpha  rays  being  screened  and  filtered  out  by  the  paper  covering 

the  dental  film.  The  bones  when  placed  directly  on  photographic  plates 

or  films  produced  photographic  impressions  in  as  short  a  period  as 

three  days.  After  seven  days’  exposure  the  irregular  distribution  of  the 

radio-active  deposits  could  be  plainly  ascertained.  Bones  incinerated  to 

a  white  ash  and  given  thirty  days  in  which  to  regain  their  equilibrium,  ^ 

when  placed  on  photographic  films  produced  photographic  impressions 

in  from  two  to  three  days’  exposure  (Martland  and  Humphries). 

Dr.  S.  A.  von  Sochocky,  research  chemist  and  technical  director  of  the 
company  in  which  the  New  Jersey  cases  occurred,  died  of  aplastic  anaemia 
in  1928  (Martland,  1929).  The  luminous  paint  used  by  the  girls  in  the  factory 
was  made  according  to  a  formula  which  he  had  worked  out.  From  1913  to 
1921  he  personally  extracted  about  30  grams  of  radium  from  the  ore  and 
was  exposed  continually  to  heavy  penetrative  radiation.  He  was  also  exposed 
to  the  inhalation  of  radio-active  dust  in  the  crystallizing  laboratory  and  on 
four  occasions  to  explosions  of  tubes  containing  high  concentrations  of 
radium  and  mesothorium.  He  had  an  extensive  radium  dermatitis  of  the 
fingers  of  both  hands  and  later  developed  necrosis  of  the  jaw  with  buccal 
lesions.  In  1925  he  devised  methods  for  measuring  the  amounts  of  radio¬ 
activity  in  the  bones  at  necropsy.  At  this  time  he  tested  his  own  expired  air 
and  found  larger  amounts  of  emanation  than  in  any  of  the  factory  girls 
examined.  He  thus  realized  the  hopelessness  of  his  own  condition  but  was 
stoical  to  the  end.  He  was  in  a  fair  state  of  health  and  able  to  do  his  work 
until  August,  1928,  when  he  became  weak,  pale,  and  dyspnoeic.  Blood 
examination  showed  red  cells  1,720,000  per  c.mm.,  haemoglobin  28  per  cent.  Aplastic 
white  cells  4,000  per  c.mm.,  with  polymorphonuclears  48  per  cent.  Later  the 
white-cell  count  dropped  below  2,000  with  scarcely  any  granular  cells.  The 
blood  platelets  dropped  to  less  than  40,000  per  c.mm.  Ultimately  he  was  kept 
alive  by  13  blood  transfusions  varying  from  450  to  900  c.c.  and  given  every 
fourth  day.  Except  for  a  fine  purpuric  eruption  over  the  extremities,  which 
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appeared  in  crops,  there  was  no  bleeding  until  the  last.  He  died  a  lioiiible 
death,  with  haemoptysis,  haeniatnria,  retinal  haeinori'hagcs^  and  teiniinal 
bronclio-pneunionia.  Necropsy  showed  radio-active  deposits  in  the  lungs,  the 
portal  of  entry  evidently  having  been  the  respiratory  tract. 


In  certain  cases  anaemia  and  necrosis  of  the  jaw  did  not  occur,  but 
after  a  number  of  years  generalized  changes  in  the  bones  developed  ' 
with  deformities  and  sometimes  spontaneous  fracture,  a  condition 
known  as  radiation,  osteitis.  In  addition  to  the  seventeen  deaths ^ from 
intractable  anaemia  and  two  from  necrosis  of  the  jaw,  one  girl  died  in 
1924  from  a  sarcoma  of  the  feimir  and  another  girl  in  1927jtrom  a 
sarcoma  of  the  scapula.  The  painting  of  dials  was  prohibited  in  1924. 
Since  no  further  cases  of  anaemia  had  appeared  by  1929,  Iheie  seemed 
reason  to  hope  that  the  danger  was  oveia  but  in  the  lollowing  two  years 
three  more  deaths  occurred  from  the  same  cause.  Altc'>gcthcr,  therefore, 
there  have  been  twenty  cases  of  death  from  occupational  mcsothoriuni 
and  radru,.m  poisoning,  of  which  .live  were  due  to  a  bone  sarco,nia. 

It  is  interesting  that  the  watch-dial  industry  Iras  revealed  a,  carcinogenic 
agent  hitherto  unknown,  namely,  continuous  bombardment  by  the  alpha 
particle.  Although  this  agent  is  quite  dilTerent  from  all  other  known 
carcinogenic  agents,  and  although  its  action  is  continuous,  thcic  is  the 
usual  prolonged  period  before  malignancy  becomes  manilcst.  1  he  alpha 
particle  can  be  held  responsible  because  more  llran  92  per  cent  of  the 
radiation  coming  from  the  bones  arc  alpha  and  only  8  per  cent  beta 
and  gatfWUL  The  total  amount  ot  radio-active  material  in  the  deposit 
necessary  to  produce  fatal  results  is  ex.lremcly  small;  0*01  m^n. 
distributed  over  the  whole  skeleton  is  sullicicnt  lo  produce  a  tcnible 
death  years  after  it  has  been  ingested.  Radium  is  thus  the  most  deadly 
poison  known;  tetanus  lOKin  previously  held  the  record  with  a  lethal 
dose  of  0*22  mgm. 

Iht  alpha  particles,  consisting  of  the  nuclei  of  helium  atoms,  arc  shot 
out  with  great  force,  travel  at  a  high  speed,  and  possess  an  enormous 
momentum  on  account  of  their  mass  which  is  much  greater  than  that 
of  beta  rays.  Hiey  collide  with  other  atoms  with  power! ul  impact, 
which  disrupts  them  and  produces  molecular  chemical  changes.  1  bus 
alpha  particles  decompose  water  into  hydrogen,  oxygen,  and  hydrogen 
peroxide,  and  hydrochloric  acid  into  hydrogen  and  chlorine,  expending 
locally  about  100  times  as  much  energy  as  beta  rays  and  acting  in  a 
manner  correspondingly  more  destructive  of  human  tissues. 

It  is  obvious  that  ingestion  or  inhalalion  ot  radio-active  materials 
in  industry  is  highly  dangerous  and  that  all  occupations  invo,lvin,g  the 
handling  of  such  substances  should  be  strictly  controlled^and  supervised. 
Outside  New  Jersey  and  Connecticut  the  practice  of  pointing  the  brush 
■  with  the  lips  is  unknown.  The  International  .Labour  Office  found  by 
inquiry  from  watch  factories  in  Switzerland,  France,  Germany,  Austria, 
Great  Britain,  and  Belgium  that  the  painting  in  those  countries  is 
done  with  a  stylet'  which  is  not  sucked,  and  that  no  ill-effects  have 
been  observed.  In  Great  Britain  the  number  of  workers  in  this  trade 
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in  1925  was  less  than  ten.  The  paint  contained  0*0375  mgm.  of  radium 
bromide  per  gram  of  zinc  sulphide.  Out  of  seven  British  women  engaged 
in  luminous  painting  for  periods  of  one  to  ten  years,  two  showed  a 
relative  diminution  in  the  number  of  polymorphonuclear  leucocytes 
and  one  showed  leucopenia  with  21  per  cent  of  polymorphonuclear 
leucocytes  (Legge). 

Though  medical  practice  is  now  almost  safe  so  far  as  X-irradiation 
is  concerned,  matters  are  very  different  in  the  case  of  radium.  There  is 
no  doubt  that  many  people  are  affected  by  handling  radium,  chiefly 
by  the  gamma  rays.  Their  penetrating  power  is  so  great  that  it  is  not 
practicable  to  protect  completely  those  who  handle  radium.  The  British 
X-ray  and  Radium  Protection  Committee  have  had  investigations 
made  in  the  radium  centres  throughout  Great  Britain  from  1930 
onwards,  and  not  uncommonly  one  or  more  of  the  radium  personnel 
shows  signs  of  too  much  radiation.  In  the  case  of  those  who  carry 
radium  about,  the  weight  of  lead  they  can  bear  to  carry  only  partly 
protects  them.  The  surgeon  handling  radium  also  is  ill-protected.  In  Surgeons 
the  case  of  a  man  using  120  mgm.  of  radium  for  treatment  of  carci¬ 
noma  of  the  cervix  uteri,  protection  is  very  difficult  as  each  time  he 
has  to  handle  radium  closely  and  carefully  (Russ). 
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l^-ABNORMALITIES 

Congenital  1541.]  Congenital  abnonnaiilics  of  llie  trachea  are  rare,  but  the  form 
abnormalities  gis^Qciated  with  congenital  atresia  of  the  oesophagus,  in  which  the 
upper  part  of  the  oesophagus  Ibrms  a  blind  poueh,  is  of  some  clinical 
inipoTtance  (see  Fig.  6).  The  lower  portion  narrows  as  it  ascends  from 
the  cardiac  end  of  the  stomach  and  Icnni nates  superiorly  by  opening 
into  the  posterior  aspect  of  the  trachea  above  the  bifurcation  (sec  also 
Obsophagus  Diseases,  VoL  IX,  p.  291).  The  infant  has  great  difficulty 
in  swallowing  and  milk  is  regurgitated  with  coughing  and  retching; 
he'hecomcs  dyspnoeiC'  and  cyanosed  and  death  occurs  in  a  few  days. 
Amcthod'Of.surgicalmanagement  of  these  paitients  has  been  described 
by  Leven  (1936). 
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Displacement 


Tracheocele,  sometimes  known  as  aerocele  or  hernia  of  the  trachea.  Tracheocele 
consists  in  weakness  in  the  wall  of  the  tube  through  which  its  mucosa 
bulges.  The  protrusion  may  give  rise 
to  a  cyst-like  swelling  in  the  neck, 
which  is  resonant  on  percussion. 

It  is  often  possible  to  reduce  tem¬ 
porarily  the  tracheocele  by  pressure. 

The  trachea  can  often  be  palpated 
in  the  middle  line  just  above  the 
suprasternal  notch  and  its  deviation 
to  one  or  other  side  recognized  by 
the  loss  of  the  usual  sense  of  re¬ 
sistance  in  the  middle  line;  but 
radiology  is  of  far  greater  value 
in  demonstrating  alterations  in  its 
position  throughout  its  whole  length 
(see  Plates  IV  and  V).  In  the  normal 
radiograph  the  trachea  is  seen  as  a 
clear  stripe  extending  from  the  level 
of  the  cricoid  cartilage  to  its  bifurca¬ 
tion  opposite  the  body  of  the  fifth 
or  sixth  dorsal  vertebra.  After  injec¬ 
tion  of  lipiodol  a  very  clear  picture 
of  the  trachea  is  obtained.  The 
trachea,  like  the  apex  beat,  is  dis¬ 
placed  towards  the  affected  side  in 
collapse  and  fibrosis  of  the  lung  and 
away  from  the  side  of  the  lesion 
in  pneumothorax  and  pleural  effu¬ 
sions.  Its  most  marked  deformity 
is  kinking  or  curvature  towards 
an  apex  of  a  lung  contracted  and 
fibrosed  from  a  tuberculous  lesion 
(see  Plate  V,  a).  In  severe  scoliosis 
the  trachea  is  deviated  towards  the 
side  which  corresponds  to  the  con¬ 
cavity  of  the  spine.  Other  types  of 
alteration  in  the  position  and  shape 
of  the  trachea,  due  to  pressure  on 
its  walls,  are  dealt  with  on  page  207. 


Direction  of 
displacemem 


Fig.  6.— Congenital  atresia  of  oeso¬ 
phagus  with  tracheo-oesophageal 
fistula,  (a)  Upper  part  of  oesophagus 
is  of  normal  width  superiorly  but 
slightly  dilated  at  lower  end  where 
it  ends  blindly  at  level  of  tracheo- 
oesophageal  fistula,  {b)  Lower  por¬ 
tion  of  oesophagus  communicates 
with  trachea  by  an  opening  situated 
above  the  bifurcation.  A  glass  rod 
can  be  seen  passed  from  the  trachea 
into  the  oesophagus  through  the 
tracheo-oesophageal  fistula.  (This 
and  Fig.  7  from  specimens  in  the 
Museum  of  the  Royal  College  of 
Surgeons  of  England,  London) 


2.-INFLAMMATION 
(1) — ^Acute  Tracheitis 

1542.]  The  trachea  is  often  involved  in  infections  of  the  larynx  and 
bronchi  but  the  resulting  tracheitis  may  remain  undiagnosed,  being 
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masked  hy  tlic  more  obtrusive  larynijcal  or  hroacliial  symptoms. 
Occasionally,  however,  the  trachea  may  be  the  primary  seat  of  the 
airection  or  may  sulTer  the  main  brunt  of  the  attack,  as  in  inllucnza 
and  mustard-pas  poisoning. 

Any  virus  or  organism  capable  of  producing  catarrhal  conditions  of 
the  upper  respiratory  tract  may  cause  acute  tracheitis.  In  inllucnza 
inllammation  of  the  trachea  often  gives  rise  to  an  intense  hyperaemia  - 
the  so-called  ‘pink  trachea’.  In  diphtheria  the  trachea  may  be  invi)lvcd 
with  the  larynx  and  failure  of  intubalioit  or  tracheotomy  to  relieve 
diHieulty  in  breathing  is  often  due  to  membrane  in  the  trachea. 
Chieken-pox  and  smallpox  may  be  complicated  by  acute  tracheitis, 
and  in  anthrax  inflamed  and  oedematous  patches  may  be  present  in 
the  lower  part  of  the  trachea  and  large  bronchi.  In  enteric  fever  small 
ulcers  have  been  found  in  the  trachea,  and  in  measles  it  shares  in  the 
general  catarrluil  condition  of  the  respiratory  passages.  It  has  been 
suggested  that  in  whooping-cough  the  intection  starts  in  the  trachea 
and  that  the  whoop  is  due  to  a  secondary  enlargement  of  the  tracheal 
glands. 

Tracheitis  due  to  gas  poiseming  has  becH>me  a  subject  of  importance 
since  the  war  1914  18.  The  trachea  may  be  involved  in  chlorine  and 
phosgene  poisoning,  but  the  most  marked  efl’cets  are  lound  in  mustard- 
gas  poisoning  (see  also  Vol.  V,  p.  507).  The  tracheal  mucosa  shows 
the  most  severe  inflammation,  and  necrosis  of  the  superficial  layers 
results  in  the  formation  of  a  yellowish-grey  slough.  On  separation  of 
this  false  membrane  the  wall  of  the  trachea  is  left  red  and  glistening. 
The  infected  debris  tends  to  accumulate  in  the  finer  bronchial  tubes, 
leading  to  septic  broncho-pneumonia  or  localized  abscesses. 

The  cough  lias  typical  manifestations;  it  is  non-productive,  hacking, 
and  .somewhat  mctallie;  irritaling  and  distressing  to  the  patient,  it 
tends  to  be  paroxysmal  and  worse  after  going  to  bed  and  during  the 
night.  It  is  ol'tcn  relieved  by  taking  food  and  especially  by  a  hot  drink. 
Acute  tracheitis  is  accompanied  by  rawness,  tightness,  or  discomfort, 
sometimes  amounting  to  pain,  in  the  lower  part  of  the  neck  and  behind 
the  upper  part  of  the  sternum.  'I'his  retrosternal  discomfort  is  aggra¬ 
vated  by  coughing. 

Absence  of  abnormal  clinical  signs  suggests  tracheitis.  In  uncompli¬ 
cated  tracheitis  the  voice  is  unaflected,  and  on  auscultation  of  the  chest 
rhonchi  and  other  adventitious  sounds  arc  absent. 

At  first  there  is  no  sputum  but  on  the  second  or  third  day  the  cough 
becomes  softer  and  some  mucus  is  expectorated,  which  in  intense 
inflammation,  as  in  influenza  and  gas  poisoning,  may  be  streaked  with 
blood.  Later  the  sputum  becomes  muco-purulcnt.  bor  days  or  weeks 
the  trachea  may  remain  irritable  and  paroxysms  of  coughing,  on 
retiring  to  bed  and  on  rising  in  the  morning,  persist. 

In  the  early  stages  the  chief  indications  arc  to  allay  the  distressing 
and  non-productive  cough  and  the  painful  rawness  in  the  chest.  The 
patient  should  be  kept  in  bed  for  a  few  days  and  smoking  prohibited; 
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Radiograph  showing  fibroid  luburciik^sis  of  left  lung  with  Irachoa  displaced  to 
left.  B.  Radiograph  of  ease  of  snhstcrnal  thyroid  with  trachea  displaced  to  light* 
(Radiographs  kindly  lent  by  Dr.  .).  li.  A,  Lynham) 


PlATE  V 
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substernal  pain  can  be  relieved  by  counter-irritation  with  turpentine 
liniment,  mustard  plasters,  and  linseed  or  other  poultices.  Inhalation 
of  the  vapour  of  a  teaspoonful  of  compound  tincture  of  benzoin,  or 
5  minims  of  oil  of  pine  in  a  pint  of  hot  water  is  often  soothing.^  The 
use  of  a  powder  containing  codeine  phosphate  ^  grain,  acetylsalicylic 
acid  5  grains,  phenacetin  3  grains,  caffeine  -I  grain  is  helpful,  and  non¬ 
productive  cough  may  be  soothed  by  a  teaspoonful  of  Gee’s  linctus: 
camphorated  tincture  of  opium,  oxymel  of  squill,  and  syrup  of  tolu, 
equal  parts — ^taken  when  required. 

(2) — ^Acute  Laryngo-Tracheitis 

Considerable  attention  has  been  paid  in  American  literature  to  an 
acute  laryngo-tracheitis  in  infants  and  children,  an  infection  of  the  Bacteriology 
upper  respiratory  tract  occurring  in  epidemic  form,  due  to  streptococci 
of  the  haemolytic  and  viridans  types  and  often,  in  fatal  cases,  associated 
with  the  Staphylococcus  aureus.  Intense  congestion  and  oedema  of  the 
glottis  and  trachea  are  present.  The  morbid  changes  chiefly  involve 
the  subglottic  region  where  the  loose  areolar  tissue  allows  swelling  to 
occur  with  obstruction  of  the  airway.  The  prominent  symptoms  are 
air  hunger,  restlessness,  and  retraction  of  the  ribs,  and  the  condition  ^Imcal 
may  be  easily  mistaken  for  laryngeal  diphtheria.  In  early  cases  palliative 
treatment,  as  for  acute  laryngitis  and  tracheitis,  may  be  tried  but  if 

retraction  appears  tracheotomy  must  not  be  delayed. 


(3) — Chronic  Tracheitis 

Acute  tracheitis  may  pass  into  a  chronic  stage,  or  the  trachea  may  Aetiology 
share  in  a  chronic  infection  of  the  pharynx,  larynx,  or  bronchi.  This  is 
probably  more  apt  to  occur  in  cigarette  smokers.  Chronic  tracheitis  is 
sometimes  associated  with  chronic  hypertrophy  of  the  tonsils  and  with 
adenoids.  The  crusting  of  atrophic  rhinitis  may  extend  not  only  to  the 

larynx  but  far  down  the  trachea.  _  ,  x  „  . 

Many  chronic  irritative  coughs  without  physical  signs  in  the  ch^  ymp  oms 
are  due  to  chronic  tracheitis.  The  sense  of  discomfort  present  in  the 
trachea  causes  a  cough  with  the  characteristics  already  described  under 
the  acute  form.  The  expectoration  has  been  described  as  resembling  a  Sputum 
‘moss-agate’  stone,  being  grey  and  slightly  opalescent  with  dark  mottling. 

It  is  tenacious  and  tends  to  be  projected  forcibly  when  the  throat 
is  cleared.  There  may  be  transient  fogging  of  the  voice,  due  to  the 
sputum  temporarily  clogging  the  larynx.  The  crusts  of  ozaena  may  be 

large  enough  to  produce  dyspnoea.  ^ 

It  is  important  in  persistent  cases  to  exclude  tuberculosis,  syphihs.  Diagnosis 
and  new  growths  of  the  trachea  by  endoscopic  examination.  ^ 

Smoking  should  be  prohibited,  wintering  in  a  warm  and  dry  climate  Treatment 
is  advisable,  and  inhalations  and  vaccine  therapy  are  worth  a  trial. 
Attention  must  be  paid  to  the  condition  of  the  nasal  sinuses,  tonsils, 

larynx,  bronchi,  and  lungs. 
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3,-INF:ECTrVE  GIANULOMAS 

(I)~Syp!iilis 

1543.]  I’hc  most  important  syphilitic  lesion  of  the  trachea  is  a  giim- 
niatoiis  fornuition  which  ulcerates  and  causes  stenosis  ot'tlic  air-passages 
From  the  resulting  cicatricial  tissue.  The  onset  is  insidious  with  an 

irritating  cough,  discom¬ 
fort  behind  the  sternum, 
and  expectoration  which 
may  be  blood-stained. 

I . alter  signs  of  stenosis 

a/risc  such  as  severe  dys¬ 
pnoea,  with  loud  respir¬ 
atory  stridor.  Secondary 
b  r  0 II  c  Ii  i  t  i.  s ,  broncho- 
pneumonia, and  bronchi¬ 
ectasis  may  Ibllow. 

In  the  museum  of  the 
Royal  College  of  Surgeons 
of  England  tlicrc  is  art 
instructive  specimen  (No. 
988-1)  in.  which  the  orifice 
of  th..c  right  bronchus  is 
closely  stenosed  from  cica¬ 
trization  following  syphi¬ 
litic  ulceration  low  down 
in  the  trachea  (see  ,Fig.  7), 
The  patient  contracted 
syphilis  seven  years  before 
the  onset  of  sympto,ms  and 
ibr  two  months  had  sulFcred 
from  dyspnoea  on  exertion  and  cyanosis.  Such,  a  case  shows  how  a  syphilitic 
lesion  can  simulate  carcinoma  of  a  main  bronchus. 

Treatment  should  be  on  ordinary  antisyphililic  lines,  but  considerable 
stenosis  may  follow  even  if  the  infection  is  eradicated. 


lu(J.  7.  “  Stenosis  of  orifice  of  right  iM’onchus  fol¬ 
lowing  syphililic  ulceration  ofthc  trachea:  viewed 
from  posterior  aspect;  the  bronchial  ghinds  at 
the  bifurcation  are  enlarged 


(2)— Tuberculosis 

Very  few  undoubted  cases  of  primary  tuberculous  disease  of  the 
trachea  have  been  reported,  but  since  the  introduction  of  bronchoscopy 
the  common  associatio.n,  of  tuberculous  ulceration  of  the  trachea  with 
pulmonary  tuberculosis  has  been  more  fully  recognized  and  .its  incidence 
placed  as  high  as  40  per  cent.  Infection  is  due  to  contact  with  infected 
sputum  and  is  chiclly  found  in  cases  of  long  duration.  Laryngeal  tuber¬ 
culosis'  is  often  concur.rent.  The  ulceration  is  wide-spread  and  the 
commonest  site  is  along  the  posterior  wall  The  symptoms  are  intract- 
■able '■  coughing,  dyspnoea,  wheezing  respiration,  and  often  cyanosis. 
■':.TheTtO'gnO'Sis  is  unfavO'Urahlc'and  nearly  50 -per  cent  of  those  affected 
die  within  a  year. 
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Treatment  should  follow  the  lines  employed  in  laryngeal  and  pulmp.-  Treatment 
nary  tuberculosis. 

4.-OBSTRUCTION 

1544.]  Tracheal  obstruction  may  originate  from  (i)  foreign  bodies  in  Causes 
the  lumen;  (ii)  lesions  of  the  tracheal  wall:  acute  inflammation  such 
as  diphtheria  and  acute  laryngo-tracheitis  of  children;  cicatrization  after 
healing  of  a  syphilitic  gumma  or  tuberculous  ulceration;  scar  tissue 
following  mustard-gas  poisoning;  granulation-tissue  following  wounds 
of  the  trachea,  tracheotomy,  intubation,  or  foreign  body;  and  tumours, 
innocent  or  malignant,  arising  primarily  from  the  trachea;  (iii)  com¬ 
pression  or  invasion  of  the  wall  from  without:  enlargement  of  the 
thyroid  gland;  intrathoracic  goitre;  hypertrophy  or  tumours  of  the 
thymus;  aneurysm  of  the  arch  of  the  aorta  or  innominate  artery; 
enlarged  tracheo-bronchial  glands;  oesophageal  lesions;  and  retro- 
phar5mgeal  or  mediastinal  abscess. 

If  the  obstruction  develops  slowly  a  considerable  period  may  elapse  °J 

before  tracheal  symptoms  are  manifested.  As  the  lumen  progressively  obstruction 
narrows  dyspnoea  on  exertion  with  a  slight  inspiratory  stridor  becomes 
noticeable.  With  extreme  narrowing  distressing  dyspnoea  occurs  and 
breathing  is  difiicult  and  laborious  and  carried  out  with  aid  of  the 
accessory  muscles  of  respiration.  Inspiration  is  usually  more  difficult 
than  expiration;  both  are  prolonged  and  accompanied  by  noisy  stridor. 

If,  despite  the  prolonged  inspiration,  sufficient  air  does  not  enter  the 
lungs  retraction  appears  at  the  root  of  the  neck  and  lower  ribs.  In 
tracheal  stenosis  the  upward  and  downward  movements  of  the  larynx 
are  not  marked  as  they  are  in  laryngeal  obstruction  (Gerhardt’s  sign). 

The  attitude  of  the  patient  is  typical,  sitting  up  and  bent  forward  with 
the  chin  sunk  towards  the  chest  to  avoid  stretching  and  narrowing 
the  trachea.  The  typical  harsh,  clanging,  and  often  paroxysmal  cough 
torments  the  patient,  and  the  constant  fear  of  imminent  suffocation 
adds  to  the  victim’s  terrible  distress.  Pulsus  paradoxus  may  be  present. 

The  voice  is  often  faint  and  weak  but  is  not  hoarse  as  in  disease  of  the 
larynx,  unless  paralysis  of  a  recurrent  laryngeal  nerve  has  occurred. 

Foreign  bodies 

When  a  foreign  body  is  drawn  into  the  larynx  an  immediate  attack 
of  choking,  coughing,  and  wheezing  takes  place  and  is  followed  hy 
a  period  of  freedom  from  symptoms  as  the  body  falls  into  the  trachea. 

The  foreign  body  is  usuaUy  sufficiently  smaU  to  pass  downwards  into 
one  of  the  main  bronchi,  most  often  the  right.  When  it  remains  in  the 
trachea,  three  pathognomonic  signs  have  been  described  (Chevalier 
Jackson),  (i)  The  ‘asthmatoid  wheeze’  is  a  dry  sound  heard  when  the 
bell  of  the  stethoscope  is  held  at  the  patient’s  open  mouth.  It  persists 
after  coughing  and  expectoration  and  may  be  the  only  sign  present  for 
a  long  time,  (ii)  When  the  foreign  body  is  movable,  as  it  generally  is  nejaudibk 
when  in  the  trachea,  coughing  often  drives  it  against  the  subglottic 
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narrowing  and  its  siRldcn  arrest  there  produces  a  slap  ’which  cun  be 
heard  at  the  palienfs  open  mouth.  ‘I'liis  slap  may  be  noticed  subjectively 
by  the  patient,  (iii)  'I'he  ‘p^hpatorv  thud’  is  the  name  given  to  the  sen¬ 
sation  which  this  sudden  arrest  transmits  t('>  tlie  examiner  s  linger  hekl 
on  Adands  apple. 

C'ough  is  paroxysmal  and  may  be  severe  if  the  foreign  body  is  movable, 
U  may  simulate  pertussis.  The  sputum  may  he  streaked  with  blood. 

l.aryngeal  symptoms  may  be  present,  namely  hoarseness  and  croupy 
eouglp  dyspnoea,  and  cyanosis,  especially  in  young  children  in  whom 
the  subglottic  tissues  arc  apt  to  swell  or  in  whom  the  larynx  may  have 
been  injured  by  the  passage  of  the  foreign  body  oi*  by  attempts  at 
its  removal. 

If  the  foreign  body  docs  not  produce  immediate  death  from  asphyxia 
the  prognosis  is  better  than  if  it  lodges  in  a  bronchus.  A  rough  or 
sharp  substanee  is  likely  to  cause  ulceration  and  sepsis  with  subscciucnt 
cicatri/.ation  and  stenosis  of  the  trachea,  and  there  is  always  the  danger 
of  sepsis  spreading  to  the  lungs  causing  septic  broncho-pneumonia. 
The  prognosis  depends  largely  on  the  interval  before  removal. 

In  some  eases  a  hist(u*y  of  the  inhalafK)n  of  the  foreign  body  is  lacking 
and  laryngeal  diphtheria  may  be  suspected.  Many  foreign  bodies, 
such  as  coins,  teeth,  hutto!\s,  and  pins,  may  be  revealed  by  X-ray 
examination,  luidoscopic  examination  is  rcciuired  in  the  ease  of  non¬ 
opaque  substances. 

Treatment  consists  in  tlic  rapid  removal  of  the  onbiuling  substance. 
The  ideal  method  is  extraction  by  forceps  through  a  bronchoscope,  but 
if  specialist  services  arc  not  available  tracheotomy  should  he  carried  out, 
when  the  foreign  body  may  be  coughed  out  or  removed  with  forceps. 


Osteomas. 


osteoplastica 


Tumours 

Primary  tumours  of  the  trachea  arc  much  less  common  than  those 
of  the  larynx  or  bronchi, and  benign  forms  arc  less  rare  than  malig¬ 
nant.  Of  the  non-maligiuini  luniours  osteomas  arising  from  cartilage 
arc  the  commonest.  These  multiple  hard  gritty  tumour  masses  produce 
Tmcheopatfda  the  condition  knowtt  as  trachcopaihia  ostcoplastica  which  may  exist 
for  many  years  and  produce  few  or  no  symptoms,  but  occasionally 
hoarseness,  cough,  and  dyspnoea,  call  attention  to  it,  Samuel  Wilks  in 
1857  described  a  ease  with  ossihe  deposits  in  the  larynx,  trachea,  and 
bronchi;  the  deposits  "were  quite  smooth  except  at  the  bifurcation  of  the 
trachea  where  a  roek-likc  mass  growing  from  the  cartilage  protruded  into 
the  air  passage’. 

Papillomas,  tibronias,  and  intratracheal  goitres  come  next  in  order  of 
frequency.  Tuberculomas  have  also  been  described* 

Of  the  rare  primary  malignant  tumours  adenocarcinoma  and 
squamous-cclled  carcinoma  arc  the  most  common.  Sarcomas  are  even 
rarer.  Secondary  growths  are  uncommon,  but  direct  invasion  from 
carcmoina  in:  ■■adjoining  structures  is  comparatively  frequent  (see 
Plate  It/,  B). 


Other  benign 
tumours 

Malignant 

tumours 
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The  symptoms  of  new  growth  of  the  trachea  are  (i)  harsh  clanging  Symptoms 
brassy  cough  (‘gander  cough’)  and  often  blood-stained  expectoration, 

(ii)  stridor  with  prolonged  inspiration;  expiration  is  also  prolonged 
but  to  a  less  degree;  and  (iii)  gradually  increasing  dyspnoea  with  dis¬ 
tressing  paroxysmal  attacks  especially  at  night.  Attacks  of  dyspnoea 
may  be  brought  on  by  swallowing.  Cyanosis  becomes  marked  and  the 
condition  terminates  in  asphyxia. 

If  the  tumour  is  malignant  the  patient’s  general  health  suffers.  The 
growth  may  spread  to  neighbouring  organs,  oesophagus,  larynx,  and 
lungs.  Metastases  are  generally  regional  but  several  cases  have  been 
reported  with  a  cutaneous  dissemination.  The  symptoms  call  attention  Diagnosis 
to  the  upper  air-passages  and  diagnosis  is  made  by  endoscopy  and  Treatment 
biopsy.  The  treatment  of  this  condition  is  surgical. 


Compression  from  extrinsic  causes 

Symptoms  of  pressure  on  the  trachea  are  often  accompanied  by 
others  pointing  to  involvement  of  structures  closely  related  to  it, 
e.g.  dysphagia  from  pressure  on  the  oesophagus  and  engorgement  of 
the  jugular  veins,  and  aphonia,  paralysis  of  the  diaphragm,  or  ocular 
signs  from  paralysis  of  the  recurrent  laryngeal,  phrenic,  or  cervical 
sympathetic  nerves  respectively. 

Bilateral  enlargement  of  the  thyroid  may  compress  the  trachea  laterally  Enlargement 
and  reduce  the  lumen  to  a  narrow  slit,  the  so-called  scabbard  trachea 
If  the  goitre  is  unilateral  the  trachea  is  often  displaced  and  curved 
greatly  towards  the  opposite  side.  A  rapid  enlargement  of  the  thijoid 
gland  produced  by  haemorrhage  into  it  may  give  rise  to  the  sudden 
onset  of  dyspnoea  and  cyanosis,  which  tend  to  be  continuous.  Sub-  Substemal 
sternal  goitre  not  only  displaces  the  trachea  backwards  but  also 
compresses  it  on  either  side  (see  Plate  V,b).  The  radiograph  corre¬ 
sponds  to  the  sabre-shaped  trachea  found  at  necropsy.  There  is  a  feel¬ 
ing  of  substemal  pressure,  and  a  sense  of  suffocation  and  choking 
when  lying  down.  Respiratory  stridor  is  often  brought  out  by  getting 

the  patient  to  walk  up  and  down  stairs.  r  x:  rr  .  i 

The  compressibility  of  the  trachea  varies  with  age;  at  the  age  of  five  Hypertrophy 
it  offers  four  times  as  much  resistance  to  pressure  as  it  does  at  birth. 

An  enlarged  thymus  in  an  infant  may  flatten  the  windpipe  with  stridor 
and  severe  dyspnoea  as  described  by  Kopp  in  1830  and  sometimes  caUed 
thymic  or  Kopp’s  asthma.  This  is  most  marked  in  the  first  few^ks  Ko^^^ 
or  months  of  life  and  diminishes  after  the  second  year.  (See  Thymus 

Gland  Diseases,  p.  35.)  .  ,  ..i. 

The  trachea  deviates  to  the  right  just  above  the  bifurcation  where  the  Aneurysm 

arch  of  the  aorta  crosses  its  left  anterior  aspect.  Here  pulsation  oan 
be  seen  with  the  bronchoscope  and  the  windpipe  may  be  compressed 
bv  an  aneurysm  of  the  arch.  As  the  aortic  arch  passes  backwards  it 
uL  above  the  left  bronchus.  With  each  pulsation  of  an  aneurysm  of 

the  arch  the  left  bronchus  may  be  thrust  downwards  and  so  produce  pracheal 
,  1  ^  •  )  tugging 

‘tracheal  tugging . 
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Tuberculous  Inicheo-broiichial  glands  may  be  large  enough  to  press 
on  the  trachea  ami  ueeasionally  erode  and  discharge  caseous  material 
into  its  lumen,  thus  causing  (he  sudden  onset  of  aente  respiratory 
distress,  dyspnoea,  and  cyanosis.  Other  causes  of  enlargement  of  the 
mediastinal  glands  are  Hodgkin's  disease,  inetastases  from  malignant 
disease  in  an  atljaeent  organ,  csiiecially  a  broneluis,  lymphoid  leuk¬ 
aemia,  lymphosarcoma,  and  syphilis.  Tracheal  breathing  and  peetori- 
lociuy  can  be  heard  in  the  normal  individual  from  the  oceiinit  to  the 
seventh  cervical  spine;  if  the  trachco-hronchial  glands  are  enlarged 
these  auditory  signs  can  be  heard  as  far  as  the  lil'th  dorsal  spine.  This 
is  known  as  dTispine’s  sign  or  traehcophony. 

C’areinoma  of  the  oesophagus  is  a  eoinmon  cause  of  tracheal  tibstruc- 
tion,  and  a  foreign  body  impacted  in  the  gullet  is  liable  to  jiroduce  a 
compression  stenosis.  Both  these  comlilions  may  lead  to  oesophago- 
tracheal  fistula.  I’haryngeal  pouches  (see  Vol.  IX,  p.  .'17h)and  diverticula 
of  the  oesophagus  (sec  Vol.  IX,  p.  292)  may  give  rise  to  tracheal 
symptoms. 

In  all  cases  of  difficulty  in  breathing  and  stridor  in  infants  and  children 
the  possibility  of  acute  or  chronic  retro-pharyngeal  abscess  should  be 
considered  (sec  Plate  lY,  A).  (See  also  AsmiYXiA  IN  Cmildrkn,  Vol.  II, 
p.  176.) 

The  diagnosis  of  the  various  forms  of  com(ircssion  is  often  evident, 
as  in  the  thyroid  group,  but  in  cases  in  which  the  scat  of  pressure  is 
in  the  mediastinum  diagnosis  may  be  difficult.  The  treatment  is  that 
applicable  to  the  original  condition. 
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i.-Di'i'iNrnoN 

{Sviutni'iiis.  Trachi'inalmis  i-o!i,juiKn\iti-';  rramiiar  lids;  prainilar 
oplUhaiiuia;  (-.raiiuiar  conjundivitis;  I  'r.yptian  o|dilhalinia; 
and  luililary  nidithalinia) 

154.').1  'rracluinia  is  a  dii'onic  spivilic  cun taf, ions  disease  t)l  the  con- 
iunctiva  in  man;  it  has  nu  tcmlcncv  to  spread  to  (dher  (issues  execiH 
\o  the  tarsus  and  to  the  eornea.  It  is  eharaeieri/ed  by  lyinpliocytic 
inlillration  and  by  lihrous  hypoi'plasia.  It  is  dirunie  in  natuic  but  may 
have  an  acute  onset  in  the  absence  of  baetenal  iiileetiun. 
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'I'he  disease  is  believed  to  he  the  result  cd'  infection  by  (he  Rickettsia 
irucfioiiuilfs.  In  suitable  cases  and  with  suilably  stained  epithelial  seimp- 
ings  the  virus  particles  can  he  delected  under  high  _  microseo|ucal 
maunilication.  '1  hesc  exist  as  inclusions  within  superlieuil  cells  ol  the 
eonjunetival  epitheliuin  and  are  known  as  Ilalkersiaeiilrr-Pnnwecek. 
Korperchen  (corpuscles),  so  called  after  their  diseoverers,  and  resemble 
the  inclusions  found  in  epithelial  cells  in  other  virus  diseases. 

U  is  probable  that  half  of  the  inhabitants  of  the  world  have  been 
iufeclcd  with  trachoma,  though  in  a  larpe  proportiun  of  eases  the. 
disease  has  attained  a  natural  cure  or  is  quiescent.  Ilierc  is  mi'!''!- 
infection  in  many  eounlries  such  as  bp, ypt,  Palestine,  India,  Ohina, 
and  Japan,  except  among  the  richer  classes;  it  is  common  m  parts  o 
North  and  South  America,  Italy,  Poland,  and  Southern  Ireland.  It 
is  now  rare  in  linglnnd  but  sporadic  eases  occur  even  among,  the  upper 
classes  and  when  no  source  of  infeclion  can  be  discovered.  I  lie  risk 
of  infection  for  an  individual  living  in  a  traclunnalous  country  is 
slight  provided  he  observes  strict  cleanliness  and  docs  not  live  or  sleep 
in  the  same  room  as  the  indigenous  inhabitants.  lexpcrience,  however, 
has  shown  that  both  children  and  adults  who  go  to  live  in  a  tracho¬ 
matous  country  become  infected  occasionally,  even  though  all  possn  c 
care  is  taken  :is  regards  prophylaxis;  this  is  especially  the  case  when 


native  servants  arc  employed.  ...  •  r-  • 

Method  of  Infection  is  acquired  by  the  transfer  of  conjunctival  secretion  Irom  a 
spread  of  trachomatous  individual  with  the  disease  in  an  active  stage  into  t  ic 

infection  conjunctival  sac  of  a  healthy  person.  This  may  be  clVecled  by  the  hands, 

by  a  towel  or  handkerchief,  by  a  pillow,  or,  when  the  inlectivc  material 
has  passed  down  the  lacrimal  passage  into  the  nose,  by  sneezing. 

Transmission  of  contagion  by  flies  probably  occurs  but  is  less  common 


than  the  foregoing  means. 

Age  incidence  Trachoma  may  be  acquired  at  any  age.  In  countries  where  there  is 
mass-infection  a  mother  infects  her  infant  before  it  is  weaned. 
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3.-CLINICAL  PICTURE 

(1)  — Signs 

The  incubation  period  varies  from  four  to  ten  days.  Typically  the  Incubation 
disease  begins  insidiously,  but  often  it  is  ushered  in  by  an  acute  attack 
of  bacterial  conjunctivitis.  In  the  former  case  the  disease  may  be 
present  for  a  long  time  and  attain  a  considerable  degree  of  severity 
before  it  is  recognized;  in  the  latter  case  it  is  only  recognizable  on  the 
subsidence  of  the  acute  symptoms.  Atypically  it  begins  with  acute 
symptoms,  such  as  pain,  lacrimation,  and  photophobia,  in  the  absence 
of  bacterial  infection. 

(2)  — Stages 

Until  the  various  anatomical  changes  in  the  conjunctiva  and  cornea 
are  appreciated  in  the  order  of  their  development  it  is  impossible  to 
form  any  lucid  idea  of  the  disease.  The  classification  which  is  now  in 
common  use  throughout  the  world  is  known  as  MacCallan’s  stages 
of  trachoma. 

There  are  four  stages,  depending  on  the  relative  prominence  of 
lymphoid  follicles  or  alternatively  of  subepithelial  lymphoid  infiltra¬ 
tion;  bleb-like  excrescences  which  burst  on  pressure  or  alternatively 
papillary  hypertrophy;  and  formation  of  connective  tissue. 

In  the  first  stage  (Stage  I  or  Tr.  I)  the  disease  may  manifest  itself  First  stage 
either  by  tiny  follicles  or  aggregations  of  lymphoid  cells  in  the  super¬ 
ficial  layer  of  the  conjunctiva  or  by  a  generalized  subepithelial  infiltra¬ 
tion  of  similar  cells  which  gives  a  red  and  velvety  appearance  to  the 
conjunctiva.  These  manifestations  may  disappear  entirely,  without 
leaving  any  trace. 

The  next  stage  may  be  either  that  of  complication  or  that  of  benign  Second  stage 
evolution.  The  stage  of  complication  (Stage  II  or  Tr.  II)  exhibits  either 
bleb-like  excrescences  (Tr.  II  a)  or  a  papillary  hypertrophy  (Tr.  II  b). 

The  stage  of  benign  evolution  (Stage  III  or  Tr.  Ill)  is  characterized  Third  stage 
by  the  absorption  of  the  follicles  or  of  the  subepithelial  infiltration 
and  their  replacement  by  cicatricial  tissue. 

The  last  stage  (Stage  IV  or  Tr.  IV)  is  reached  when  follicles  or  infiltra-  Fourth  stage 
tion  have  been  entirely  absorbed  and  replaced  by  cicatricial  tissue. 

This  is  the  stage  of  cured  trachoma;  frequently  this  stage  is  never 
reached. 

The  course  of  the  disease  may  be  expressed  diagrammatically  thus; 

Tr.  I 


Tr.  Ill 


Cure  without 
leaving  traces 


Tr.  II  {a  or  h) 
Tr.'lII 


Tr.  IV 
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With  a  comparatiYcty  small  aim^unl  of  experience  cases  can  be 
ssigned  lo  one  isr  other  of  these  stages.  Some  cases  arc  on  the 
lordcr-liric  between  two  stages  aiul  may  show,  tor  example,  blcb-likc 
xercsccnccs  of  Tr.  11  </  and  also  a  certain  amount  ol  cicatr./ation 
■haraetcristic  of  'I'r.  HI;  such  a  ease  would  he  noted  as  I  r,  11  a  io 
I'r  111  I'or  ophthalmologists  who  practise  in  trachomatous  countries, 
;uch  as  hgypt  and  Palestine,  a  more  elaborate  scheme  ol'  classihcation 
s  required  (MacCallan). 

(a)  Stage  /  .  n  r  r 

The  response  to  inl'eetion  by  trachoma  is  a  generalized  Hooding  ol 
the  subcpithehal  tissue  of  the  con.iunctiva  with  lyinphocylie  cells  (see 
Fig.  8).  Typically  these  cells  arc  aggregated  into  clumps,  the  so-called 


Fia.  8*— Trachoma,  stage  1;  scetioa  of 

intense  subepithclial  infiltration  with  lymphocytes.  tProra  the  Authors  JiatHom  > 

trachoma  follicles;  atypically,  but  not  uncommonly, 
be  differentiated  clinically  Irom  the  general  exudate  o  ynapi  y  '• 
There  arc  therefore  the  follicular  and  the  general  lymphocytic  types  oi 

onset.  ,  ,  -  ,  lUp, 

In  the  follicular  type  there  arc,  scattered  over  the  conjunctiva  oi  in 

upper  tarsus  at  the  extremities  ofits  upper  border,  slight  roughnesses, 
forming  tiny  greyish  islets  (see  Plate  VI,  a).  The  rest  ol  the  conjunctiva 
may  not  show  any  sign  of  inllaniination,  but  there  is  usually  a  Uttie 
increase  of  the  conjunctival  secretion.  The  position  ol  early  trachoma 
follicles  is  considered  to  be  distinctive,  but  in  appearance  the  isolated 
trachoma  follicle  is  identical  both  macroscopically  and  microscopically 


1 1 


A 


B 

A  Trachoma,  stage  I.  b.  Limbal  region  in  young  man,  showing  trachomatous 
pannus.  x  4.  (From  the  Author’s  Trachoma) 

Plate  VI 
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with  the  follicle  of  non-trachomatous  conjunctivitis.  In  the  general  General  _ 
lymphocytic  type  there  is  a  generalized  subepithelial  infiltration  with 
lymphocytes  which  gives  the  conjunctiva  a  red,  inflamed,  and  velvety 
appearance. 

In  both  types  of  Tr.  I  characteristic  changes  occur  in  the  upper  fifth  Invasion  vf 
of  the  corneal  limbus,  where  a  cellular  invasion  of  the  cornea  takes 
place.  This  cellular  invasion  appears  as  an  indefinite  grey  infiltration 
which  often  becomes  concentrated  into  a  number  of  tiny  grey  elevations 
which  do  not  differ  from  trachomatous  follicles  of  the  conjunctiva  in 
cellular  composition. 

In  response  to  the  irritation  caused  by  this  cellular  invasion,  there  is  Reaction  in 
a  vascular  proliferation;  new  vessels  run  centripetally  for  a  little  distance 
towards  the  centre  of  the  cornea  in  tissue  which  is  normally  devoid 
of  blood-vessels.  This  new  vascularity  of  the  formerly  clear  cornea 
together  with  the  grey  infiltration  constitutes  corneal  trachoma  or 
pannus  and  may  extend  all  over  the  cornea  in  severe  cases  and,  when 
such  a  comphcation  as  corneal  ulceration  occurs,  reduce  visual  acuity 
to  virtual  blindness  (see  Plate  VI,  b). 

Trachomatous  pannus  must  be  distinguished  from  two  other  condi-  Differential 
tions  in  which  the  cornea  becomes  vascularized:  (i)  the  process  of  f^^homawus 
healing  of  a  corneal  ulcer,  and  (ii)  interstitial  keratitis.  In  trachomatous  pannus 
pannus  the  vessels  spring  from  the  network  of  marginal  loops  which 
can  be  traced  on  to  the  cornea  as  branches  of  the  conjunctival  vessels, 
i.e.  they  are  superficial.  The  healing  of  a  corneal  ulcer  is  carried  out 
by  vascularization  of  the  edges  of  the  ulcer  by  the  ingrowth  of  vessels 
from  the  conjunctiva;  the  vessels  are  fewer  and  larger  than  in  tracho¬ 
matous  pannus  and  are  localized  to  the  proximity  of  the  ulcer.  In 
interstitial  keratitis  the  vessels  cannot  be  traced  from  the  cornea  on  ^^^^^titis 
to  the  conjunctiva  but  disappear  at  the  corneal  margin,  being  derived 
from  the  deeply  situated  vessels  of  the  sclera. 

In  this  stage,  as  in  other  stages  of  trachoma,  the  disease  may  be  well 
marked  without  causing  any  symptoms  of  discomfort  and  the  general 
appearance  of  the  orbital  region  show  nothing  abnormal.  Symptoms, 
when  present,  do  not  differ  from  those  of  any  other  form  of  con¬ 
junctivitis;  there  is  a  slight  conjunctival  discharge  and  a  sensation  as 
of  grit  under  the  lids;  the  lids  may  be  stuck  together  in  the  morning 
on  awaking  from  sleep. 

{b)  Stage  II 

This  stage  exhibits  two  forms:  in  the  more  common,  Tr.  II  a,  numerous 
bleb-hke  excrescences  appear  on  the  palpebral  conjunctiva  of  both 
upper  and  lower  lids;  in  the  less  common  form,  Tr.  II  by  the  prevailing 
feature  is  a  papillary  hypertrophy  of  the  conjunctiva. 

The  numerous  bleb-like  excrescences  which  protrude  above  tho.  Trachoma 
surface  of  the  rest  of  the  conjunctiva  in  Tr.  II  a  rupture  easily  on  ^ 
pressure,  allowing  their  gelatinous  contents  to  extrude.  Great  care 
should  be  taken  by  the  surgeon  during  the  examination  of  these  cases, 
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for  if  the  blebs  hurst  their  contents  arc  liable  to  enter  the  conjunctival 
sac  of  the  examiner,  resuliiiiije,  in  Irachoiiiatoiis  inicetion,  the  suigeon 

shouki  (herdbre  always  wear  protective,  goggles  when  examining  a  case 
of  suspected  IraclKHiui.  The  bleb-like  oxeresecnces  have  the  appearance 
of  frog-spawn  or  cooked  grains  ol  sago. 

'I'hc  "larsus  is  aKva\'S  thickened  by  an  inllaminatory  exudate,  the 
weight  of  which  causes  some  drooping  of  Ihc  upper  lid,  or  ptosis.^ 
I'roin  the  thickening  ol  the  hont-shapc'd  larsus  Iheic  is  incurving  ot 
the  upi>cr  lid,  anti  proliicration  of  the:  hair  lollielcs  I  allows,  (he  resulting 
trichiasis  (see  p.  215)  may  nth  on  the  eornen,  rttui,  il  unlr-eated,  last 
for  years.  'I’hc  lyniphoeytie  inliltration  may  spread  Irotn  the  conical 
periphery  over  Ihc  whole  cornea,  with  gctterali/.cd  vaseiilanzalion; 
being  sitiialcd  helwceni  (he  cornertl  cpilhclinrn  anti  the  anterior  elastic 
lamina  (llowrium’s  mentbnine),  it  uniy  destroy  the  hitler  and,  obtaining 
access  to  the  corneal  stroma,  crtusc  further  pennanent  opacity. 

In  the  stage  Tr.  11  h  the  ti-achomatous  inlillralion  or  lollicular  lorma- 
tion  is  obscured  by  n  papillary  liyperlrophy  ol  Ihc  conjunctiva,  giving 
the  appearance  of  red,  rrtspbci'ry-iike  jiroccsses.  litis  is  the  result  ol 
the  throwing  up  into  folds  of  the  supcriteial  epilheliurn  by  the  intense 
suhcpithclial  inliltration  of  lymphocytes. 


(c)  Stage  II f 

This  stage  of  partial  cicatrization  or  cure  may  be  derived  directly 
from  Tr.  1,  or  stages  Tre  II  a  or  Tr.  II  h  may  intervene.  When  it  follows 
Tr.  1  the  reddened  conjuncliva  is  seen  to  he  permeated  by  a  line 
network  of  cicatricial  tissue.  When  following  I  r.  II  z;  the  network 
of  cicatricial  tissue  encloses  bleb-like  excrescences,  which  may  become 
squeezed  out  by  the  contiaetion  of  cicatriznlion.  When  alleetmg 
Tr.  II  If  the  network  of  cicalrieial  tissue  surrounds  islands  ol  actively 

diseased  conjunctiva.  . 

.lust  inside  the  inner  border  of  the  upper  lid  thcr-c  is  usually  a  hori¬ 
zontal  white  streak  of  cicatrization  called  Arlt’s  hrre. 

A.  rever’sron  front  Tr.  Ill  to  I'r.  II  ti  is  quite  common. 


id)  Stage  IV 

Theoretically  this  is  the  final  stage,  a  cure  having  been  cnccted  either 
naturally  or  as  the  I'csult  of  treatment.  Ihc  normal  cpithelitjm  has 
been  replaced  by  sear-tissue  epithelium,  and  the  subcpithclial  infiltra¬ 
tion  has  been  absorbed  or  replaced  by  cicatricial  tissue. 

In  many  untreated  cases  this  stage  is  never  reached.  In  all  cases 
invaginations  of  the  diseased  epithelium  occur,  carrying  into  the  depths 
of  the  tissue  of  the  lid  infecting  and  irritating  material.  Thereupon 
results  a  remarkable  fibrous  development,  which  is  characteristic  o 
trachoma  and  is  especially  manifested  in  the  pretarsal  tissue  and  in 
the  tarsus.  This  fibrous  development  goes  beyond  the  needs  of  tissue 
repair. 
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The  implications  as  regards  treatment  are  obvious.  Firstly,  the  applica¬ 
tion  of  drugs  to  the  tarsal  conjunctiva  cannot  be  expected  to  influence 
invaginated  and  infected  epithelial  cells  in  the  deeper  tissues;  secondly, 
the  expression  of  the  bleb-like  excrescences  of  Stage  II  a  removes  the 
contents  of  many  of  the  superficial  follicles  and  epithelial  cysts  but 
can  have  no  effect  on  the  deeper  lymphocytic  infiltration;  thirdly,  the 
employment  of  chemotherapy  cannot  be  expected  to  do  more  than 
kill  the  virus,  leaving  untouched  the  lymphocytic  infiltration  and  the 
fibrous  hyperplasia. 

Other  signs  of  trachoma  are  as  follows:  trachomatous  rosettes  at  the 
limbus,  and,  after  these  become  cicatrized,  Herbert’s  peripheral  pits; 
trichiasis  and  entropion,  ptosis  and  narrowing  of  the  palpebral  fissure, 
sinuous  lid  margin,  post-trachomatous  degeneration,  corneal  facets  or 
depressions,  superficial  punctate  keratitis,  and  epithelial  plaques. 


4.-SEQUELAE 

Pannus  is  really  trachoma  of  the  cornea  and  an  integral  part  of  the  Tamus 
disease  (see  p.  213)  and  a  diagnosis  of  trachoma  should  not  be  made 
unless  it  is  present.  Formerly  it  was  thought  to  be  a  sequela  which 
required  special  operative  treatment. 

Pannus  exists  in  two  forms,  one  in  which  the  granulation -tissue 
beneath  the  epithelium  clears  up,  leaving  only  the  attenuated  vessels, 
and  the  other  in  which  the  anterior  elastic  lamina  (Bowman’s  mem¬ 
brane),  which  underlies  the  corneal  epitheUum,  has  been  destroyed  in 
places  with  invasion  of  the  corneal  stroma  by  vascular  granulation- 
tissue.  Cicatrization  results  in  permanent  opacity,  and  the  aboUtion  of 
the  normal  lymph-flow  between  the  corneal  corpuscles  cuts  off  their 
nutrition,  thus  necessitating  the  persistence  of  pannus  vessels.  All 
operations  for  the  removal  of  pannus,  such  as  pannus  dissection  and 
peritomy,  are  absolutely  contra-indicated. 

Trichiasis,  or  the  condition  in  which  the  eye-lashes  rub  the  cornea.  Trichiasis 
is  due  to  the  development  of  supernumerary  lashes  by  offshoots  from 
existing  hair  follicles.  This  new  development  is  caused  by  the  hyperaemic 
condition  of  the  fid  margin,  which  always  occurs  in  serious  cases  of 
trachoma. 

Entropion  is  an  inversion  of  the  hd  margin  due  to  cicatricial  changes  Entropion 
in  the  tarsus.  It  may  affect  one  or  aU  four  lids. 

Ectropion  of  the  lower  hd  is  due  to  thickening  of  the  tarsus  by  Ectropion  of 
inflammatory  products  and  subsequent  cicatrization. 

Apart  from  the  results  of  comeal  ulceration,  diminution  of  the  visual  Diminution 
acuity  results  from  the  trachomatous  infiltration  of  the  cornea.  While  %Sty 
this  is  active,  and  careful  treatment  is  appUed  to  the  palpebral  con¬ 
junctiva,  great  improvement  may  result,  but  when  cicatrization  has 
occurred  improvement  cannot  be  expected.  Trachomatous  infiltration  Lacrimal 
of  the  mucous  membrane  of  the  lacrimal  sac  is  common  in  trachomatous 
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countries.  I,:icrini;il  probes  sliouirl  not  he  used  in  such  cases  on  account 
of  the  danger  of  perforating  the  sac. 


5-:DIA, GNOSIS  AND  DlMl* Rl^NllAL  DIAGNOSIS 

In  a  suspected  cane  of  trachoma  hotli  lids  must  be  fully  everted.  The 
lower  lid  may  he  pulled  clown  by  the  linger  so  (hat  the  fornix  is  fully 
displayed.  The  upper  lid  must  be  everted  over  a  hhint  hook  in  order 
to  examine  adcciiuitcly  the  wiiole  conjunctiva.  It  is  essential,  in  oidet 
to  cslablisli  the  presence'  ot  traduunalous  vasculari/ation,  to  exaniinc 
the  upper  periphery  of  the  cornea  carefully,  under  gcHui  focal  illumina¬ 
tion,  with  a  corueal  loupe  giviiipa  niar.nificalion  of  8  or  10  diameters. 
(Sec  iWii  Txaminxtion,  Vol  V,  p.  217.) 

Common  conditions  which  may  Ixxir  a  resemblance  to  traclioma 
arc;  follicular  conjunctivitis  in  children,  acute  conjunctivitis  with 
follicles,  and  chronic  conjunctivitis  with  corneal  vascularization  of 
interstitial  keratitis  or  of  former  phlyctenular  conjunctivitis.  Uncommon 
conditions  rcscmblinit,  trachoma  are;  spring  cutaiih  and  swimming- 
bath  conjunctivitis  (inchiding  blcnnorrhoca).  In  none  ol  the  above 
conditions  do  any  of  the  following  pathognomonic  signs  of  trachoma 
appear;  blch-likc  excrescences  wliich  rupture  on  j'uessiiic  with  exuda¬ 
tion  of  their  gelatinous  contents,  pannus,  punctate  depressions  at  the 
limbus,  i.e.  ricrbcrt\s  peripheral  pits,  or  cicatrization  o(  the  upper 
palpebral  conjunct ivu. 

6-treatm:ent 

(j) — ^l^rophylaxis 

In  dusty  countries  where  Irachonia  is  rite  it  is  important  to  wash  the 
face  and  eyelashes  twice  a  day.  d1ic  eyelids  must  not  be  rubbed  with 
the  lingers.  Salutation  by  sliuking  hands  with  an  inlected  pcison  and 
employment  of  house  servants  who  have  any  discharge  Ironi  the  eyes 
arc  dangerous.  K  lhc  employment  ol  ayahs  or  amahs  lor  youngchildien 
is  imperative  antiseptic  cyc-drops,  such  as  /.inc  sulphate  ot  zinc  chloi  idc 
solution  of  the  strength  o(  0’.^  per  cent,  should  be  instilled  into  theii 
eyes  twice  a  day  unless  an  oculist  pronounces  them  (iccliorn  tiachonuu 

(2)— Treatment  of  CoiijunctiYa 

The  "Upper  lid  is  entirely  everted  on  a  blunt  hook,  or  better  on  a 
MacCallan-Rostovski  cverter,  and  the  conjunctiva  swabbed  with  2 
per  cent  solution  of  silver  nitrate.  'This  should  be  carried  out  daily  or 
at  least  five  days  a  week  for  a  month  or  six  weeks.  I  hen  drops  of  a 
solution  of  zinc  sulphate  or  /Jne  chloride  0*5  per  cent  may  be  used 
for  a  period  before  recommencing  treatment  by  massage  with  solution 
of.  mercuric  chloride  0*25  or  0-5  per  cent  daily.  Silver  nitrate  must  be 
■'■used"' carefully  to,  avoid  the  depositio^u  of  silver  in  the  epithelial  cells 
(argyrosis). 
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Massage  with  chaulmoogra  oil  is  said  by  some  to  have  a  beneficial 
effect.  Innumerable  other  remedies  including  radiotherapy,  auto- 
serotherapy,  and  high-frequency  currents  have  been  advocated;  also 
many  secret  remedies  have  been  used  with  disappointment  to  the 
patient. 

In  the  presence  of  the  bleb-like  excrescences  which  characterize  stage  II  ^  Stage  II  a 
surgical  interference  is  essential,  namely,  rupture  of  the  blebs  by  ex¬ 
pression  with  Graddy’s  forceps  and  scraping  with  a  sharp  spoon, 
after  eversion  of  the  lid.  For  adults  local  anaesthesia,  by  the  frequent 
instillation  of  solution  of  cocaine  hydrochloride  4  per  cent  and  by 
infiltrating  the  lids  with  procaine  hydrochloride  (novocain)  solution 
1  per  cent,  will  suffice  if  care  is  used.  For  children  a  general  anaesthetic 
is  required.  It  is  usually  necessary  to  repeat  the  operation  on  several 
occasions  before  all  the  blebs  towards  the  fornix  and  the  inner  angle 
of  the  eye  are  destroyed.  The  conjunctiva  is  then  massaged  with  solution 
of  mercuric  chloride  1  in  500  and  the  eyes  are  bandaged  for  an  hour 
only.  Subsequently  antiseptic  drops  should  be  used  by  the  patient 
until  the  next  operative  seance. 

In  stage  II  b  also  apphcation  of  medicaments  to  the  conjunctiva  Stage  II  b 
is  useless.  Mechanical  treatment  such  as  that  just  described  may  be 
employed. 

In  many  cases  some  bleb-like  excrescences  still  remain.  These  should  Stage  III 
be  dealt  with  by  mechanical  treatment.  After  some  days  the  conjunctiva 
may  be  massaged  with  solution  of  copper  sulphate  5  per  cent  or  with 
the  old-fashioned  copper  sulphate  stick. 

Theoretically  treatment  is  not  required  in  the  fourth  stage  because  all  Stage  IV 
active  lesions  have  undergone  cicatrization.  There  may,  however,  be 
areas  of  the  conjunctiva  which  are  not  covered  by  scar-tissue  epithelium, 
and  which  are  susceptible  to  new  infection.  It  is  therefore  advisable 
for  all  patients  with  apparently  healed  trachoma  to  continue  treatment 
by  some  such  astringent  drops  as  solution  of  zinc  chloride  0*25  or  0*5 
per  cent. 


(3) — Treatment  of  Sequelae 
(a)  Blepharophimosis 

Blepharophimosis  is  the  condition  in  which  the  palpebral  fissure 
appears  to  be  contracted  at  the  outer  can  thus.  In  many  cases  of  old 
trachoma  it  is  impossible  to  evert  the  upper  lid  satisfactorily  for  the 
purpose  of  treatment  on  account  of  this  narrowing  of  the  palpebral 
fissure.  It  may  be  rectified  by  canthoplasty  (for  technique  of  cantho- 
plasty  see  Vol.  V,  p.  246). 


(b)  Trichiasis  and  Entropion 

Certain  general  principles  may  be  formulated  as  regards  operations 
to  rectify  trichiasis  and  entropion:  (i)  if  the  conjunctiva  requires  treat¬ 
ment  for  active  trachoma  this  should  be  carried  out  before  operation, 
except  in  urgent  cases  such  as  corneal  ulceration,  (ii)  The  eyelid  should 
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be  supported  :ind  stretched  on  a  metal  spatula  or  shoe-horn;  no  form 
ol'elainp  should  he  used,  (ill)  Only  in  e.xceplional  circuinslances  should 
skin  he  removal  from  the  lid.  (iv)  Partial  operations  should  never 
be  pert'oniied,  however  lcin|rlinp  it  may  seem  to  reduce  thereby  the 
extent  of  the  operation. 

Omraiicm  Most  eases  of  triehiasis-entropion  ctin  he  dealt  with  satislactorily  by 
one  of  two  operations,  which  may  be  [XTronned  by  any  medical  man 
who  has  already  aet|uired  experience  in  surgical  tccbniciue.  I  he  first 
is  Slreatf'eild's  operation,  de.serihed  by  him  in  lK5b,  often  misnamed 
Snellen’s  operation,  and  depends  on  (he  removal  of'  a  wedge-shaped 
strip  from  the  anterior  surface  of  the  tarsus.  The  second,  van  Millingcn’s 
operation  consists  in  insertion  ol  a  grnlt  ol  mucous  niembmne  into 
a  groove ’made  in  the  free  border  of  the  lid.  Many  of  the  operations 
described  in  ophlhalnhc  tc.xl-bonks  are  useless  oi  even  dangeious. 
Strcatfcihl'x  Slrcatfeiki's  operation  is  described  in  (he  article  b:Yi'i.lt>s,  ImURlBS 
operation  AND  ! fiSBASi-'S,  Vol.  V,  p.  24K.  Ill  a  Icw  Severe  ca.ses,  howevci,  the 
operation  as  there  described  does  not  give  i(iiile  siillieient  losults,  and 
tlien  one  or  two  additional  procedures  may  be  carried  out: 

(i)  The  entropion  spatula  is  reinserted  and  a  supcrticial  cut  0-5  or  1  mm. 
deep  is  made  along  the  wliolc  free  tx.rder  of  the  lid  just  posterior  to  the 
laslics;  owing  to  the  tension  exerted  by  the  sutures  already  inserted  the  lips 
of  the  incision  gape  soinewhal,  allovviiig  inrther  eversion  ol  tlie  lash-hcai  iiig 
area,  'flic  greatest  care  must  tic  taken  to  avoid  leaving  any  liair  bulbs  in 
llic  posterior  lip  of  the  wound;  if  lliis  liappens  they  niiist  be  picked  out  with 
the  point  of  a  knife,  lii)  In  very  severe  eases,  wliieli  arc  rare  csxcept  in  I'.astcin 
countries,  llic  procedure  adopted  Iw  t'anl  may  be  carried  out.  ^  vertical 
incisi(*>n  with  stout  scissors  is  made  tliroii^.h  the  whole  thickness  ot  tho  1k1 
at  its  inner  and  outer  extremities.  Tlic  incision  should  extend  .f  mm.  upwards 
(for  only  the  upper  lid  is  likely  to  reiiuire  tliis  .somcwluU  disligunng  pro¬ 
cedure)  from  the  free  Iwrder  of  the  lid.  This  allows  more  eompletc  eversion 

of  the  lid  margin.  ,  , 

Utmmv  I'or  lire  mucous  memlirane  graft  operation,  llic  metal  spatula  ol  .shoc-hoin 

inerit/truite  shape  is  inserted  under  the  lid  wliicli  is  made  leiise  llicicby.  An  incision  is 

graft  tiio  vvliole  free  border  of  tire  lid,  immediately  [xistenor  to  the 

operatum  pixssible,  but  wilhout  injuring  them:  it  should 

bcuhout  3  mm.  deep.  The  anterior  part  of  llic  lid  when  speaking  ofoperation 
oil  lire  upper  lid,  for  llie  operation  is  applicable  to  cither  upper  or  lower 
lid  -whicli  inclndcs  all  the  lashes,  is  now  allowed  to  slide  up  towards  the 
eyebrow,  to  the  skin  of  xvhich  it  is  anchored  by  a  lew  sutures.  IJxtra  eficet 
may  be  attained  by  placing  a  little  ri>ll  of  gauze  beneath  tire  sutures.  On  the 
posterior  part  of  llic  I  id  a  horizontal  strip  of  bare  tarsus,  3  mm.  wide,  is  thus 

prepared  to  receive  the  gnitt,  .  ,  r 

The  lower  lid  is  now  Hcizcd  at  cithcrcxtrcniity  with  plain  dissecting  lorccps 

and  everted- An  injection  of  pi'ocaine  hydrochloride  (novocain)  and  adrenaline 

is  made  horizontally  along  the  area  from  which  it  is  intended  to  rciriovc  the 
strip  of  membrane.  The  mucous  membrane  is  gripped  with  toothed  forceps 
on  the  right  side  of  the  mouth,  and  with  the  narrow,  blunt-pointed  scissors 
a  strip  25  mm-  long  and  2  mni.  broad  is  cut.  This  strip  ol  mucous  nienabrane 
should  always  be  a  little  shorter  and  narrower  than  the  bed  ia  the  lid  margin 
which  has  been  prepared  to  receive  it;  it  should  be  carefully  wrapped  in  a 
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piece  of  sterile  gauze.  The  wound  in  the  lid  is  then  sewn  up  with  a  blanket 
suture.  The  strip  of  mucous  membrane  is  carefully  denuded  of  submucous 
tissue  and  laid  on  the  wound  in  the  lid,  without  havmg  been  in  contact  with 
any  antiseptic  solution.  It  is  carefully  pressed  into  position  with  the  moistened, 
gloved  fingers  of  the  operator,  with  the  raw  surface  downwards.  No  sutures 
are  required.  A  dressing  of  gauze  which  has  been  spread  with  boric  acid 
ointment  is  carefully  applied  and  firmly  bandaged.  This  is  not  removed  until 
the  fourth  day  after  the  operation,  when  the  skin  sutures  are  removed,  as 
well  as  the  lid  sutures.  A  very  light  dressing  is  applied  for  a  few  days. 

The  epilation  of  misplaced  lashes  in  trachomatous  trichiasis  should 
be  absolutely  forbidden,  as  after  epilation  the  lashes  regrow  and  are  Qf 

again  a  danger  to  the  cornea. 

The  destruction  of  hair  follicles  by  diathermy  in  one  second  or  by 
electrolysis  in  thirty  seconds  may  be  carried  out  if  there  are  not  more 
than  three  misplaced  lashes,  and  if  the  proper  machine  is  available. 

I  do  not  consider  these  procedures  to  be  good  practice,  as  in  trachoma 
these  three  lashes  are,  in  the  majority  of  cases,  the  forerunners  of 
numerous  other  misplaced  lashes. 

(c)  Ectropion  of  Lower  Lid 

The  operative  treatment  for  ectropion  of  the  lower  lid  (MacCallans  MacCaUan  s 
operation)  consists  in  the  removal  of  the  tarsus  and  in  the  formation  ^ 
of  a  new  fornix. 

The  lid  spatula  is  placed  below  the  eyelid  to  be  operated  on  and  the  border 
of  the  lid  is  seized  by  the  assistant  with  forceps  and  still  further  everted  on 
the  spatula.  A  horizontal  incision  is  then  made  through  the  conjunctiva 
throughout  the  width  of  the  eyelid  about  5  or  6  mm.  from  the  margin  of 
the  lid,  i.e.  in  the  situation  in  which  it  is  desired  to  make  the  next  fornix: 
an  incision  is  made  at  each  extremity  of  the  first  incision  to  unke  it  with 
the  inner  and  outer  canthi,  stopping  short  1  or  2  mm.  from  the  lid  margin. 

The  conjunctiva  is  then  dissected  from  the  subjacent  fascia  and  cartilage 
as  far  as  the  margin  of  the  eyelid.  The  cartilage  is  then  removed  with  scissors, 
together  with  as  much  redundant  conjunctiva  as  is  considered  advisable.  A 
threaded  needle  is  entered  from  the  skin  surface  5  mm.  below  the  lashes, 
through  the  tissue  of  the  lid  and  through  the  anterior  edge  of  the  conjimctwa. 

It  is  then  passed  forwards  through  the  posterior  edge  of  the  conjunctiva, 
coming  out  of  the  skin  near  to  the  point  of  entrance  of  the  needle.  Three 
such  sutures  are  inserted  and  tied  loosely.  The  result  of  this  operation  for 
the  condition  described  is  remarkably  good.  The  stitches  may  be  removed 
on  the  fourth  or  fifth  day.  It  is  important  that  the  skin  should  be  carefully 
sterilized  with  solution  of  iodine  and  that  non-absorbable  material,  such  as 
silkworm  gut,  should  be  used  for  the  sutures. 

(d)  Acute  Conjunctivitis 

In  the  East  trachoma  is  often  complicated  by  acute  bacterial 
junctivitis.  The  causal  organism  may  be  the  gonococcus,  the  Koch- 
Weeks  bacillus,  the  staphylococcus,  streptococcus,  pneumococcus,  or 
the  diphtheria  bacillus.  Clinically  it  is  impossible  to  dktinguish  these 
types;  any  one  of  them  may  produce  a  membranous  condition  simulating 
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.  I-  -i;  Tti,'  miorosconical  examination  ol'  stained 

filmf  Mmwt\iiivl^  diphtheria  baeillus.  Cultures  should 

always  be  made  in  snspeeted  cases,  and  if  possible  animal  expenntents 

carried  out  in  order  eonjimetivilis 

is^dlrUHhc  cMU^  bacillus,  diphtheria  antitoxin  sho.ikl  be  admin.s- 

^'int;\Vim\K«siblc  to'evert  or  even  to  open  the  eyelids,  canthotonty 
or  canthoph.sty  should  be  performed  imniediately.  On  no  account 

mast  the  eve  be  occluded  with  pad  and  hanclapc.  _ 

if'it  is  possible  the  eoi.junctiva sholTrc- 

»»>, ...... 

1  in  10  mcrctiric  chloride  1  in  .'i,0l)0,  or  potassium  peimanpanatc  I 
„  ‘ilioo  If  possible  llic  irripalion  sl»'uW  '''  "“"V  ronlmiioiis,  .ml 
imlil  liccmployab  Wl,™  silic,  nilnm.  i™ 
ropplial.  acrillaviiK  1  i.l  coslor  oH  1.5I»)  may  ho  »seil.  si-vcll  bmss 

s  ''rbo  OL-CUITCOI'C  ol'  uli'onilioii  ol  *l'o  I'ornoa  does  not  calMor  any 

i  11  r'n'L'‘lv  'ulvisablc  to  cuutcri‘/o  the  edges 

brmtcl,  of  llK  cornoa  Ihonb,  pUi»nHt  Um  woon i  .  '  ' 

for  I'hcm  the  mydrialie  should  be  stopped  as  si  dcsi  able  rcsiui 

'f:,.  r,’, »ihor™.  iri*  wiu  ,  r 

^:rr rasim.  each - 

tn  raise  of  adults  there  sboald  be  by  (he  side  of  «Se 

0^1  antiseptic  selation.  and  a  dish  of  eolloit-iyool.  w.th  syh.eh  the 

di<^cliarec  is  consiunily  being  washed  away, 

U  is  mr  easier  to  loot  aller  a  palienl  wilb  aeule  purulent  con- 
jl«vri?  fc  sits  in  a  el, air  by  llte  side  of  a  .able  lhan  ,1  he  .a  kept 

in  bed. 

(4>— Conclusion  ^  .  anttre 

Treatment  of  traehema  is  disappointing  since 

applied  to  the  conjunctiva  reach  only  the  superhcial  layers,  and  in 
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all  cases  of  more  than  short  duration  the  morbid  changes  have  extended 
to  the  pretarsal  and  tarsal  tissues.  When  this  has  occurred  the  only 
means  of  obtaining  a  permanent  cure  is  by  an  operation  which  can 
only  justifiably  be  entrusted  to  an  experienced  ophthalmic  surgeon. 
The  operation  of  combined  excision  of  the  tarsus  and  its  over-lying 
conjunctiva,  or  tarsectomy,  not  only  removes  all  the  diseased  tissue 
but  eliminates  the  ptosis  of  the  upper  lid  which  is  present  to  some 
degree  in  most  cases  of  long-standing  trachoma  (MacCallan,  1936). 

It  has  recently  been  stated  that  sulphanilamide  and  its  congeners 
have  a  beneficial  effect  on  trachoma  and  that  they  inactivate  the 
trachoma  virus.  It  is  clear,  however,  that  they  cannot  remove  the  new 
fibrous  tissue  which  pervades  and  thickens  the  pretarsal  and  tarsal 
structures  and  which  specially  characterizes  trachoma. 
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1546.1  or  llic  disorders  allccling  IravcUers  by  air,  land,  or  water,  llio 
most  familiar  is  sca-sickness,  which  will  serve  as  a  typical  example, 
other  types  of  Iravel-sickuess  arising  from  cerlain  condilit^ns  call  lor 
special  mcnlion.  Tests  designed  lo  assess  the  suilability  ol  an  individual 
to  adopt  the  career  of  an  air-pilot  are  described  in  Vol.  II,  p-  241. 


l.-AETIOLOGY 

Movement  is  a  xitie  qua  turn.  At  sea  and  in  the  air  it  often  takes  the  form 
of  complex  and  irregular  oseillalions,  of  which  the  vertical  component 
is  the  most  disturbing;  in  a  train  or  car  the  movement  is  vibratory  and 
of  smaller  amplitude  and  greater  frequency.  There  arc  exceptions  in 
some  highly-sprung  modern  cars,  in  which  vibration  may  be  replace 
by  a  swinging  roll.  Vibration  being  a  milder  form  of  abnormal  stimula¬ 
tion  than  oscillation,  those  liable  to  train-  or  car-sickness  can  hardly 
expect  to  escape  at  sea  or  in  the  air. 
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In  addition  to  movement,  many  contributory  factors  must  be  recog- 
nized  which  are  so  numerous  that  they  are  never  all  found  together. 
Their  importance  in  treatment  consists  in  the  extent  to  which  they  can 
be  minimized  or  prevented. 


Factors  operating  before  journey  begins 
Extreme  susceptibility  is  found  in  some  who  are  unjustly  accused  of 
merely  imagining  they  are  ill.  Such  people  turn  giddy  while  dancing, 
have  suffered  sickness  in  childhood  when  playing  on  swings,  and  may 
be  upset  by  any  form  of  travel.  They  are  usually  of  the  nervous 
delicately- organized  type.  When  groups  of  travellers  go  on  a  journey 
together  it  is  not  always  the  novice  who  is  the  first  to  succumb;  this 
shows  that  susceptibility  is  a  more  important  causal  factor  than  lack 
of  experience. 

Fear  of  sea-sickness  is  a  common  failing,  induced  by  past  experience 
or  the  accounts  of  others  who  have  suffered,  and  is  often  aggravated 
by  a  fatalistic  expectancy. 

Emotional  excitement  is  often  inseparable  from  departure  on  an  ocean 
voyage  and  applies  even  more  to  journeys  by  air.  Flying  is  still  a  novelty 
to  many.  Whether  the  air-traveller  is  pressed  for  time  or  merely  in 
search  of  a  new  experience,  his  nervous  system  is  in  a  state  peculiarly 
adapted  to  the  development  of  travel-sickness.  Fatigue  is  very  common.  Fatigue 
and  often  enhances  the  effect  of  other  aetiological  factors. 

Conditions  of  disturbed  metabolism  readily  contribute  to  travel- 
sickness.  Among  these  are  diabetes  mellitus,  migraine,  cyclical  vomiting, 
chronic  nephritis,  and  pregnancy. 


Factors  operating  after  journey  has  begun 

To  these  contributory  factors  are  now  added  various  secondary  effects 
of  the  primary  factor,  movement.  Static  changes  in  the  abdominal 
organs,  perhaps  combined  with  muscular  efforts  at  adjustment,  con-  jUjclominal 
stitute  a  factor  which  is  not  yet  fully  understood.  The  importance  of  the  Labyrinthine 
labyrinths  in  travel-sickness  is  generally  acknowledged,  but  attempts  to 
prevent  their  influence  by  swinging  cots  and  sprung  head-rests  have 
not  been  wholly  successful. 

Ocular  fatigue  is  common.  Extreme  hability  to  tram-  or  car-sickness  Ocular 
suggests  the  presence  of  an  uncorrected  error  of  refraction.  The 
preference  among  railway  passengers  for  a  seat  facing  the  engine  is 
probably  based  upon  the  influence  of  ocular  stimuli.  Victims  of  train- 
sickness  feel  better  when  they  refrain  from  looking  out  of  the  carriage 
window,  especially  at  near  objects  such  as  fences  or  telegraph  poles 
bordering  the  track,  or  other  trains  moving  in  an  opposite  direction; 
but  distant  scenery,  if  it  offers  interest  and  variety,  may  provide  salutary 


distraction  for  the  apprehensive  mind.  a  j-. 

In  rough  weather  at  sea,  disturbing  auditory  stimuli  arise  from  the  Auditory 
noise  of  waves,  the  creaking  of  beams,  and  numerous  other  accompany¬ 
ing  sounds.  These  are  apt  to  induce  uneasiness,  if  not  fear,  in  nervous 
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people.  The  perpelual  runililc  of  :i  tfiiiu,  in  whicli  it  becomes  cliHicult 
to  converse  in  ordinary  tones,  inevitably  results  in  fatigue  of  the  nervous 
system  on  a  long  journey. 

Olfactory  stimuli  are  legion,  few  tire  more  up.setting  than  hot  engine 
oil,  kitchen  garbage,  or  the  rancid  clllnvia  tlnil  betray  the  sickness  of 
others.  Ivven  oriours  normally  tigaccable,  sueii,is  those  ol  liesh  ctroking, 
or  the  pungency  irf  oraages  eir  cigar-sinokc,  will  soinetiincs  dcteiinino 
the  onset  of  nausea,  fatilty  ventilation  e,\aggcrates  the  cllcet  ofollactory 
disturbance  and  nuiy  produce  its  own  dire  eonsetiuenccs.  A  elefcctive 
exhaust-pipe  allows  the  escape  iiitri  a  closed  ctii  ol  enough  cat  bon 
nionoxirle  to  procluee  hearlaehe,  vertigo,  nausea,  and  even  vrnniting, 
while  still  unrecognized  by  the  occupants.  Petrol  vapour  causes  identical 
symptoms.  Most  modern  ertrs  provide  adeipiatc  air-supply  without 
draught  and  rarely  need  to  he  entirely  closerl. 

Dclicicnt  oxygenation  may  arise  during  llights  at  high  altitudes. 
Sudden  chatigcs  in  atmospheric  pressure  cause  unpleasant  symptoms  of 
vertigo,  tinnitus,  and  detilness,  but  tliese  are  usually  ol  short  duration, 
(ieneral  conditions  such  as  toxaemia  from  constipation  or  indiscretions 
of  diet  are  contributory  causes  more  avoidable  than  the  others  just 
mentioned. 

2.-B10C:iI!':MLSrRY 

Certain  metabolic  changes  commoidy  occur  in  sca-sickness  but  whether 
they  are  cause  or  eirecl  has  still  to  he  proved.  Blood-sugar  tends  to  rise 
at  (irst  and  become  subnormal  later,  but  these  findings  vary.  Ketosis 
from  incomplete  oxidation  ol  hits  is  iiuirc  constant;  it  may  he  due  paitly 
to  starvation  but  has  been  found  even  in  the  absence  ol  vomiting. 

The  respiratory  rliylhni  is  oUen  irregular,  rapid  shallow  biea thing 
being  periodically  interrupteil  by  a  deep  inspiration,  particularly  during 
the  send  of  the  ship.  The  onset  of  unexplained  sighing  or  yawning 
during  rough  weather  is  another  signilicanl  omen.  As  a  result  ol 
rcspiralory  changes,  the  pulse-respiration  ratio  tends  to  be  greater  or 
less  than  normal.  Such  changes  may  well  play  a  part  in,  or  constitute^ 
the  outward  manircstation  of,  dclicicnt  oxygenation  and  diminution  ol 
alkali  reserve,  'flic  important  part  played  by  oxygen  may  be  deduced 
from  the  fact  that  among  those  relatively  immune  to  sca-sickness  arc 
found  two  very  dilferciit  groups,  athletes  and  habitual  drinkers;  each 
has  in  a  dilferent  way  acquired  the  power  of  rapid  oxidation. 


3.--CLINICAL  PICTURE 

Autonomk  Travel-sickness  tends  to  manifest  itself  clinically  as  autonomic  im- 
imbalmce  balance.  The  predominant  clement  is  sometimes  the  vagus  (para¬ 
sympathetic)  and  sometimes  the  sympathetic,  but  more  often  both  are 
combined.  Cases  cannot  be  rigidly  classified  as  vagotonic  and  sym- 
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patheticotonic  because  clinically  they  do  not  always  fit  conveniently  into 
these  twin  pigeon-holes.  The  terms  when  used  here  should  be  inter¬ 
preted  in  a  relative  sense.  Most  cases  can  be  assessed  with  reasonable 
accuracy  by  a  careful  study  of  symptoms  and  signs. 

Nausea  and  vomiting  are  commonly  bracketed  together,  ^  but  either  Nausea  and 
may  occur  alone.  Early  onset  of  nausea,  perhaps  accompanied  by  dry¬ 
ness  of  the  mouth,  and  increasing  in  severity  until  followed  by  vomiting, 
which  even  although  repeated  fails  to  relieve  it,  points  to  sympathetic 
activity.  When  vomiting  is  a  comparatively  late  sign,  preceded  by 
salivation  but  little  or  no  nausea,  occurring  suddenly  and  without  much 
effort,  and  followed  by  at  least  temporary  improvement  in  well-being, 
predominance  of  vagus  action  may  be  presumed. 

Headache  may  occur  in  all  types.  In  those  of  a  vagotonic  tendency  it  is  Headache 
often  an  early  and  persistent  symptom;  in  sympathetico tonics  it  more 
commonly  follows  nausea  and  vomiting.  Headache  often  coincides  with 
vertigo  and  is  sometimes  associated  with  photophobia.  It  is  usually 
frontal  but  in  vagotonia  may  be  vertical,  temporal,  or  occipital. 

Dizziness  is  a  common  complaint  in  sea-  and  air-sickness  but  much  Vertigo 
rarer  in  train-  or  car-sickness.  True  vertigo  may  occur,  originating  in 
labyrinthine,  optic,  oculomotor,  gastric,  or  vasomotor  disturbances. 

More  commonly  the  complaint  refers  to  a  sense  of  confusion  and  diffi¬ 
culty  in  muscular  co-ordination.  I  have  never  known  a  patient  to  fall 
through  the  vertigo  of  sea-sickness.  In  this  and  other  respects  it  closely 
resembles  Freud’s  description  of  the  vertigo  of  an  anxiety  neurosis. 

Whereas  restlessness  and  excitement  indicate  sympathetic  activity,  Lassitude 
extreme  lassitude  is  common  in  sea-sickness  of  the  vagal  type.  The 
combination  of  physical  and  mental  depression  must  be  distinguished 
from  the  fatigue  induced,  even  in  immune  subjects,  by  the  difficulty  of 
walking  about  in  rough  weather. 

Circulatory  changes  are  detected  most  easily  in  the  pulse-rate  When  C^uMory 
vagus  activity  predominates  the  recumbent  rate  is  commonly  from 
to  70;  in  sympatheticotonic  cases  it  is  more  likely  to  be  about  80. 

Blood-pressure  usually  tends  to  fall  or  rise  according  as  the  vapis  or 
sympathetic  is  the  more  active.  Mercurial  instruments  are  useless  in 
stormy  weather,  and  sphygmomanometry  under  conditions  leading  to 
any  form  of  travel-sickness  is  manifestly  liable  to  inaccuracy.  A  rough 
indication  of  the  blood-pressure  is  furnished  by  the  increase  in 
rate  when  the  patient  sits  up  after  lying  down.  In  health,  after  the  briet 
acceleration  caused  by  the  effort  of  rising  and  lasting  about  ten  seconds, 
the  increase  is  seldom  far  removed  from  10  per  cent  of  the  original  rate. 

In  so  far  as  it  exceeds  this  figure,  the  blood-pressure  is  likely  to  e  ower 
than  normal.  The  effects  produced  by  sympathetic  activity  are  more 


TaSmotor  instabiUty  is  a  feature  of  most  forms  of  travel-sickness. 
Flushings  alternating  with  pallor  and  cold  sweats  are  common.  The 
onset  of  an  attack  in  which  vagus  activity  predominates  produces  in 
slow  motion  the  features  of  vaso-vagal  syncope,  namely,  slow  feeble 
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4 -COURSE  AND  PROGNOSIS 

.  1  1.=.  Knt  in  somc  cases  the  symptoms  per- 

Spontaneous  recovery  is  t  careful  Iteitment  apparently 

sist  until  the  return  to  land.  Evert  1  I  t  alleviate  the 

Ste  to  shorten  the  pM  rLntrcl  of  eontrihutory 

discomfort.  ^'nStreontmon  attitnde  of  faulisttc 

factors.  The  most  diffic  hoDcless  in  more  senses  than  one. 

resignation  which  makes  sickness  is  prolonged.  Such 

Certain  sequelae  occu  ,  P  „„etritis  set  up  by  repeated  vomiting, 
are  globus  hystericus,  J  ^gj^ration  of  the  urine.  After  landing 

Cystitis  may  follow  a  period  of  concen^^^  locomotory 

there  is  sometimes  a  return  of  ataxy,  aue 

re-adinstment. 


5.-DIAGNOSIS  AND  DirFERENTIAL  DIAGNOSIS 

1 - - 


»_/  *  j.—  — 

„u  vviffottipr  is  due  to  sea-sickness 
of  The  assnmption  “  error.  The  manifold  cutes  of 

differential  is  fraught  With  possibilities  oi  drowsiness  must  be  continually 

nausea,  vemitiag.  the  two  conditions 


■„;;se.:  vomiting.  >t“f  -'l^^rertg  ^ofe  'wo  conditions 
kept  in  mind.  Apart  ff  “f  alcoholic  gastritis  and  a 

most  commonly  mistaken  for  _  neurosis  which  is  almost  indis- 

blend  of  anxiety  and  fear  resul  mg  . sea-sickness  rarely  lasts 

7s5lge“?ac  AildVII  Tby  feat  of  the  unseen  bogy  that  has 

prostrated  his  mother.  _  nmwea  and  vomiting,  with  the 

To  most  people  sea-sickness  .  ,  sometimes  fail  to  suspect 

result  that  sufferers  fromheadache  or  lassitude  sometxm 

the  origin  of  these  symptoms. 

6.-TREATMENT 

?r"prevention  is 

the  contributory  factors  already  enumerated. 
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arly  booking  is  advisable  so  as  to  reserve  a  well  ventilated  cabin  as 
learly  as  possible  amidships,  and  comfortably  remote  from  disquieting 
loises  and  the  smell  of  cooking.  Accommodation  at  the  ship  s  side  is 
isually  at  a  premium,  but  an  apprehensive  passenger  travelling  at  a 
ime  when  rough  weather  is  to  be  expected  will  find  that  an  inside 
:abin,  provided  the  ventilation  is  good,  offers  more  freedom  from  the 


aoise  of  wind  and  waves. 

The  most  comfortable  motor  cars  are  those  with  the  rear  seat  well  Car-sickness 
within  the  wheel-base.  Boredom  often  contributes  to  car-sickness, 
especially  in  children,  to  whom  enforced  inactivity  quickly  becomes 
irksome.  It  may  be  obviated  by  engaging  conversation  or  interesting 
scenery,  provided  vision  is  not  blurred  by  fixation  on  near  objects.  The 
vigilant  concentration  essential  to  safe  handling  of  a  car  provides  one 

reason  why  car-sickness  never  affects  the  driver. 

Before  and  after  starting  on  a  sea  voyage  adequate  rest  should  be  Avoidance  of 
enjoined.  This  advice  will  seldom  be  popular,  but  it  is  well  to  point 
out  that  among  single  avoidable  factors  contributing  to  travel-sickness 
fatigue  is  the  most  powerful.  Passengers  exhausted  by  the  strain  of 
preparation  for  a  voyage,  culminating  in  wearying  farewells  and  late 
nights,  often  rely  on  the  sea  air  to  restore  their  energy.  But  they  are 
in  no  condition  to  withstand  the  effects  of  rough  weather.  Rest  is  Diet 
particularly  important  for  the  digestive  organs.  Diet  should  be  reason¬ 
ably  light,  with  ample  carbohydrate  and  little  fat.  Constipation  and 
drastic  catharsis  should  both  be  avoided. 

Preventive  treatment  by  drugs  is  determined  to  a  large  extent  by  the  Drugs 
length  of  the  contemplated  journey.  If  this  is  measured  in  hours,  an 
appropriate  dose  of  some  quickly  acting  and  transient  narcotic,  such 
as  sodium  amytal  or  nembutal,  may  meet  the  case.  But  for  a  voyage 
lasting  days  or  weeks  the  requirements  are  not  so  simple,  and  it  is  then 
important  to  have  some  previous  knowledge  of  the  patient  and  his 
probable  response  to  the  ship’s  movement. 

In  proportion  to  the  patient’s  nervousness  preliminary  sedation  is  Sedation 
advisable.  During  the  twenty-four  hours  before  sailing,  bromides  up  to 
60  grains  and  chloral  hydrate  20  to  30  grains  may  be  taken  in  divided 
doses  at  suitable  intervals.  Physical  lassitude  which  sometimes  follows 
these  large  doses  may  be  countered  by  the  addition  of  10  to  15  minims  of 
tincture  of  nux  vomica.  Barbiturates  are  more  palatable  and  convenient 
but  their  action  is  less  certain.  Sedative  drugs,  apart  from  their  physio¬ 
logical  action,  allay  uneasiness.  Phlegmatic  subjects  should  have 
atropine  sulphate  jhs  to  #5-  grain,  hyoscine  hydrobromide  ^  to 
grain,  or  tincture  of  belladonna  10  to  20  minims,  s^larly  divided. 

Most  patients  require  a  suitably  balanced  combination  of  a  central 

nervous  sedative  and  a  vagus  inhibitor. 

The  value  of  most  proprietary  remedies  lies  in  the  faith  of  those  who 
use  them.  This  is  not  to  impugn  the  honesty  of  their  manufacturers. 

If  the  proprietary  medicine  is  not  entirely  worthless  it  must  contain 
some  fairly  potent  drug  which,  to  be  safely  sold  to  the  public,  must 


Zn  -  -UO.S 

is  almost  certain  to  be  ^adequa  e.  sea-sickness  to  be 

The  practitioner  who  ^  advised  to  inform  the  ship 

taken  before  o,  ,  treatment  be  requiretl. 

suisebn  of  the  ingredients  test  al 

Preventive  treatment  _  J^j^^ended.  Moderation  in  eating 

tinuance  of  the  measures  _  jp  no  other  reason  than  that 

and  drinking  is  digestive  capacity.  Dietetic  principles 

anxiety  will  have  curtailed  f  f  (3ee  p.  229).  Fresh  air  is 

are  discussed  as  part  o^P®“ ,  .  ^  ^  the  expense  of  body  warmth, 

invaluable  but  must  not  be  quickly  becomes 

because  in  sea-sickness  the  J  exercise,  both  heat  produc- 

impaired.  If  fresh  air  can  e  co  encouraged,  and  healthy 

tion  and  respiratory  ,  .flaunted  by  dread  and  uncertainty. 

wo.  .ne  after  monte  and  musf 

at  all  times  stop  short  of  fatigue. 

(2)— Specific  begin  to  be 

With  the  onset  of  ^ea-sickness  yV  therapeutic 

more  clearly  or  tiSum  of  belladonna  are  indicated 

doses  of  atropine,  hyoscme,  o  ^  patients  often  show 

and  should  be  repeated  as  b^ance  may  be  restored  also  by 

considerable  tolerance.  Auton  _  adrenaline  is  too  abrupt 

stimulation  of  the  sympathe  .  c„i,edrine  is  useful,  but  recently 
and  evanescent  for  this  has  keen  found  even  more 

benzedrine  sulphate  in  dose  ,  of  its  action  on  the  higher  centres 
satisfactory,  particularly  on  acco  ^  ^  easily  retained  and  its 

iu  overcoming  morbid  solution,  corn- 

effects  appear  within  half  ^  g- j^ay  be  given  in  the  form 

hined  with  other  ^  ^  hours  are  needed  for  its  absorp- 

of  a  suppository,  and  then  two  or  ^  glucose 

tion.  When  powerfully  level.  High  blood- 
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pressure  and  undue  excitaW^^oft^^^  ^he 

tuts  system,  either  exercise 

a  oold  or  tepid  bath  will  »tiraul.te 

respiration  and  the  vasomotor  system.  activity  a  host  of  remedies 
For  the  treatmeat  ofmeteasol  ,  ot  brorhide 

‘aLdS“wrrtel\X?prlSripdohCon^^^^ 


travel-sickness 


[vOL,  XM 


Preventive 
measures 
fier  sailing 


resh  air 


Exercise 


Vagotonia 

Belladonna 

group 

Adrenaline 

Ephedrine 

Benzedrine 


Caffeine 
Exercise 

Baths 

Sympathetico- 

ionia 

Bromide  and 
chloral 


s.KEYi546]  TREATMENT 

Small  repeated  doses  favour  retention  and  absorption.  The  suggestibility 
of  this  type  of  patient  gives  an  added  value  to  the  insistence  upon 
frequent  and  regular  repetition.  Over-dosage  is  prevented  by  the  fact 
that  when  the  needs  of  the  condition  have  been  met  and  the  patient 
becomes  drowsy  the  intervals  are  automatically  lengthened.  There  is  a 
specific  curative  value  in  sleep.  Among  the  barbiturates,  soluble  pheno-  Barbiturates 
barbitone,  soluble  barbitone,  prominal,  and  dial  have  proved  successful, 
but  their  effects  vary.  They  are  best  given  in  cautious  dosage  until  the 
absence  of  idiosyncrasy  is  proved. 

If  vomiting  persists  in  spite  of  these  measures  the  lower  bowel  should 
be  cleared  out  if  necessary  and  potassium  bromide  60  grains  with 
chloral  hydrate  20  grains  in  about  6  fluid  ounces  of  warm  water  given 
slowly  per  rectum.  For  the  individual  case  hypodermic  medication  has 
obvious  advantages,  but  it  is  rarely  feasible  when  a  number  of  patients 
have  to  be  seen  at  frequent  intervals. 

Valuable  adjuncts  to  sedative  treatment  are  those  drugs  with  a  stimu¬ 
lant  action  on  certain  portions  of  the  parasympathetic  nervous  system. 
Physostigmine  salicylate  to  ^  grain  hypodermically  can  do  much 
to  restore  normal  gastro-intestinal  function.  It  is  of  most  value  it 
combined  with  acetylcholine,  nature’s  own  stimulus  to  parasympathetic 
activity,  0-1  gm.  in  fresh  solution,  intramuscularly.  Acetylcholine 
bromide  is  stable  in  aqueous  solution.  Nitrites  are  traditionally  useful  Nitrites 
in  some  cases,  and  so  too  is  glyceryl  trinitrate  (trinitrin)  which  has  the 
same  physiological  action.  The  tablets  must  be  fresh  and  are  more 
effective  if  allowed  to  disintegrate  slowly  under  the  tongue  than  if 

Alcohol  is  sometimes  valuable;  it  probably  has  some  reflex  stimulant  Alcohol 
action,  followed  by  dulling  of  the  hypersensitive  nerve  centres.  No 
definite  rules  can  be  laid  down;  champagne  has  many  advocates,  and 
so  has  brandy.  Dry  ginger  ale  seems  just  as  effective  as  either,  and  yet 
whisky  and  soda  is  often  worse  than  useless.  Much  must  depend  on 
individual  habit  and  susceptibility.  Opiates  are  on  the  whole  dis-  Opiates 
appointing;  their  action  in  sea-sickness  varies,  and  even  temporary 
benefit  is  apt  to  be  undone  by  unpleasant  after-effects. 

The  types  here  described  are  extremes,  and  therefore  exceptmnal.  In  Cot^^ed 
the  average  case  symptoms  point  to  disturbance  of  both  divisions  o 
the  autonomic  nervous  system,  and  treatment  must  be  judged  accord¬ 
ingly.  Belladonna,  bromide,  and  chloral  hydrate,  in  appropriate  doses, 
are  of  more  constant  value  than  any  other  combination  known  to  me. 

At  various  stages  in  the  treatment  of  sea-sickness  the  matter  of  diet  Diet 
must  be  decided.  Unaccountable  tastes  and  dislikes  are  common,  and 
the  predilections  of  the  patient,  however  capricious  they  may  seem,  are 
often  a  better  practical  guide  than  the  most  erudite  hypotheses.  Certain 

general  principles,  however,  may  be  outlined.  Small  amounts  of  food 

at  frequent  intervals,  chewed  thoroughly  and  eaten  as  slowly  as  is 
compatible  with  social  usage,  will  turn  vagus  activity  to  good  account. 

If  this  is  lacking  and  anorexia  is  complete,  glucose  should  be  given,  in 


MaUgettic 

diet 


Fluids 


Abdaminal 

binder 


Aperients 
Glucose  and 
insulin 

Chlorbutol, 
cerium 
oxalate,  and 
bismuth 
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p  ^  or  in  5  per  cent  solution  as  an 

strained  orange  juice,  for  example,  oi  in  pe 

enema.  Hiptarv  the  maintenance 

If  drcumsta.c«  ^  assured  b,  an 

of  normal  acid-base  equi  i  n  and  vegetables,  supplemented 

alkaligenie  diet  cousBtmg  ^  “^''Xll,  forbidden.  Fatty 

by  milk  ifit  Weea-XX^XlterX  composition,  are  best  left 
dishes,  and  those  of  X.  „atient  may  choose  according  to  taste  from 
,0  the  seasoned  “"Xr Xp  ^  ^  “ 

small  poruons  of  oltmr  P,^  _  ,,„ps  gf 

without  payy;  baked  ^  dielhas  been  held  to  favour  the  absorption 
f  wS“s  A  teto-veBStarian  diet  needs  little  additional  fluid. 

must  fi?st  be  remedied.  Sucking  ice  is  an  agreeable  method. 

*»sX“?oX.l  uneasiness  is  often  greatly  relieved  b,  a  broad 

bXXS  a  ba.h-towel.raste„ed  f^Xtu^eCrnt 

or  by  a  mustard  plaster  over  the  epigastrium.  The  same  effect^an 
produced  by  ventral  decubitus  with  a  pdlow  under  the  ^ 

Sy  deep  breathing,  taking  a  full  inspiration  with 

Some  vagotonic  individuals  ^  ^  tmiting  k  sodium  nitro- 

fnX shol otherv^secblorbutoKohloretone)  10  or  15 grains 

ncaXroachetm^^ 

brane  may  yield  to  cerium  oxalate  or  the  traditional  bismuth  mixture. 


TREMATODE  INFESTATION 

See  BiLHAraASis,  VoL  II,  p.  323;  ChONORCfflASK,  Voh  III 
p.  248;  Fluke  Ineections,  Intestina-L,  Vol.  V,  p.  3/u, 
and  PAiaGONiMiASls,  Vol.  IX,  p.  401 
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Reference  may  also  be  made  to 

ALCOHOLISM 

HEPATO-LENTICULAR 

DEGENERATION 


the  following  titles: 

PARALYSIS  AGITANS 
TOXICOLOGY; 

INDUSTRIAL  POISONING 


l.-DEFINITION 

1547.]  Tremor  is  a  spontaneous  involuntary  rhythmical  alternating 
contraction  of  a  group  of  muscles  and  its  antagonists.  The  spontaneity 
of  this  kind  of  involuntary  movement  might  well  be  assumed  but  needs 
emphasis  in  a  definition  otherwise  equally  applicable  to  so  dissimilar 
a  movement  as  clonus,  for  which  some  degree  of  external  interference 
is  necessary.  Although  fibrillation  (see  Vol.  V,  p.  276)  is  often  called 
tremor’,  it  is  not  related  to  the  present  subject  in  either  origin 
or  nature,  as  the  definition  makes  clear.  Tremor  of  the  face  and  tongue 
can  hardly  be  said  to  be  the  result  of  movements  of  protagonists  and 
antagonists  because  of  the  special  character  of  the  musculature.  It  is, 
however,  impossible  to  doubt  the  clinical  identity  of  tremor  in  these 
situations  with  other  forms  for  which  this  definition  is  accurate. 

2.-AETIOLOGY 

Tremor  occurs  in  many  conditions  during  health.  If  a  part  of  the  body  In  health 
is  held  rigidly  fixed  by  the  strongest  contraction  of  its  muscles  it  is 
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tremor 


[VOL.  XII 


Fatigue 


Infections 


Intoxications 

intrinsic 


Extrinsic 


In  psycho¬ 
neuroses 


,  £  +  thf'  extent  of  which  varies  in  different 

Sat  Sf  ^  -  so 

‘^''^“'SfhToersons  £act  with  abnormal  facility  to  physiological 
some  reason.  Tremor  may  be  continual 

throughout  life  and  occasionally  exhibits  a  marked  famihal  incidence. 

degree  of  treiuuloiisttess  is  natural  m  ola  age. 

"immorTa  not  uncom^^^  symptom  of  acute  infections  pahi^ 
enteric,  typhus,  and  influenza,  either  during  their  course  or  for  m  y 
weeks  after  the  convalescent  stage  has  been  reached.  Of  ^ 
rhronic  infections  tuberculosis  has  long  been  believed  to  favour  the 
A,,  form  of  over-aoUvi., 

tremor  Even  in  severe  thyrotoxicosis  there  is  sometimes  y 

clinical  enlargement  of  the  gland,  ‘masked  X^hemor 

diasnosis  must  be  reached  from  systemic  symptoms  of  which  tremoi 

mi  be  the  most  striking  to  both  the  patient  and  P^^'^^^^'TobalcTme 
is  a  feature  of  many  extrinsic  intoxications.  Alcohol  and  tobacco  r 
commTn  cames  and  even  in  moderate  amounts  may  be  responsible, 
although  in  this,  as  in  other  effects,  individual  susceptibility  plays  a 
Se  part  In  chronic  mercurial  poisoning,  a  rare  industrial  disease 
wide-spread  tremor  is  usually  the  earliest  complaint  , 

emphasized  by  the  workers,  who  describe  the  illness  j  ^ 

It  is  seen  in  persons  employed  in  quicksilver  mines  or  m  factories 
is  in  liquid  form  for  the  ^ 

mirrors  barometers,  and  thermometers.  Rarely  tremor  is  one  of  the 
S  sympto^^^^^  Mercurial  tremor  is  hardly  known 

except  in  industrial  poisoning,  although  in  the  past  mercury  ^ 
medfcinally  in  quantities  purposely  calculated  to  cause  severe  stomatitis 
To-day  bromide  and  thyroid  are  the  common  therapeutic  ^ 

likely  to  be  associated  with  tremor,  the  symptom  being  especially 
prominent  in  bromism.  In  each  an  unrecognized  susceptibility  to  ordin¬ 
ary  dosage  is  the  usual  reason  for  the  development  of  intoxication. 

As  fear  is  the  predominant  emotion  of  most  psychoneuroses,  trembh  g 
is  a  comLn  accompaniment  of  this  kind  of  illness.  In  anxiety  states 
it  is  seldom  absent,  being  indistinguishable  from  the  fine  irregdar 
tremor  of  the  healthy  person  in  moments  of  mental  stress  In  hysteria 
the  wildest  and  most  varied  tremors  are  seen,  particularly  if  an  attemp 
is  made  to  examine  an  affected  part.  The  generalized  almost  convulsive 
tremblings  of  those  who  suffered  from  shell  shock  (war  hysteria)  m  y 
recur  in  civil  life  in  a  later  break-down  whatever  its  immedmte  cause 
Tremors  of  organic  disease  of  the  nervous  system  must  be  distinguished 
clinically  from  those  already  described  and  from  one  another.  More 
than  a  hundred  years  ago  James  Parkinson  described  the  tremor  which 
bears  his  name.  The  quality  of  the  tremor  is  the  same  in  the  long-familiar 
form  of  the  disease  of  which  Parkinson  wrote  (paralysis  agitans)  and 
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in  the  form  which  follows  encephalitis  epidemica.  In  each  there  are 
identical  defects  of  muscular  tone  and  movement,  now  known  to 
depend  on  disease  of  the  extrapyramidal  motor  system.  Similar  tremor 
and  dystonia  occur  in  hepato-lenticular  degeneration  (Kinnier  Wilson  s 
disease)  in  which  the  same  system  is  destroyed.  In  disease  of  the  cere- 
helium,  shaking  of  a  different  character  is  constantly  present.  Lesions 
of  the  mid-brain  are  sometimes  associated  with  pronounced  tremor 
and  rarely  the  symptom  may  follow  ordinary  hemiplegia;  such  post-  Hemiplegia 
hemiplegic  tremor  is  confined  to  the  arm  and  occurs  chiefly  on  voluntary 
movement.  Its  rarity  and  its  universal  absence  in  the  totally  paralysed 
limb  are  features  calling  for  special  notice.  Irregular  quivering  move- 
ments  of  the  face,  tongue,  and  hands  are  usual  in  dementia  paralytica,  paralytica 


3.-PATHOGENESIS 

Little  is  known  of  the  exact  mechanism  of  tremor  in  the  forms  depend¬ 
ing  on  organic  nervous  disease  and  there  is  not  any  information  about 
morbid  changes  in  other  kinds.  Lesions  of  the  old  (extrapyramidal) 
motor  system  and  of  the  cerebellum  each  lead  to  tremor,  associated 
in  the  one  case  with  raised  and  in  the  other  with  lowered  tone  in  the 
affected  muscles.  The  state  of  muscle-tone  cannot  therefore  have  any 
connexion  with  tremor;  moreover,  Walshe  has  shown  that  Parkinsonian 
tremor  is  uninfluenced  by  rendering  muscles  flaccid  with  injections  of 
procaine  hydrochloride  (novocain).  Theoretically,  involuntary  move¬ 
ments  of  any  kind  may  be  caused  either  by  irritative  stimulation  of 
nerve-cells  or  by  the  removal  of  inhibition  from  higher  levels  with  con- 
sequent  release  of  lower  centres  resulting  in  spontaneous  activity.  In  all  higher 

forms  of  striatal  disease  the  appearance  of  the  lesions  suggests  neuronal  centres 

destruction.  It  may  therefore  be  argued  that  the  symptoms  are  due  to 
the  uncontrolled  activity  of  lower  centres.  Conversely,  the  fact  that 
the  tremor  of  Parkinsonism  endures  for  years,  sonietimes  without 
alteration,  makes  the  supposition  that  it  is  caused  by  irritation  incon¬ 
ceivable.  From  its  nature,  tremor  seems  to  be  the  product  of  a  lower 
nervous  centre.  It  is  systematized  and  capable  of  only  slight  variation, 
directly  opposite  qualities  from  those  of  movements  arising  at  higher 
levels.  From  arguments  of  this  kind  Kinnier  Wilson  concluded  that 
tremor  is  ‘the  expression  of  an  inherent  property  of  neurocellular 
activity’  and  that  ‘its  mechanism  .  .  .  is  controlled  by  an  involuntary 
prespinal  centre  or  centres  at  the  general  level  of  corpus  striatum, 
cerebellum  and  mesencephalon  .  ■ 


4.-CLINICAL  PICTURE 

Clinical  forms  of  tremor  are  distinguished  by  difference  in  rate,  range, 
and  rhythm.  The  localization  and  any  factors  influencing  the  movements 
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are  also  worthy  of  notice.  Most  kinds  of  tremor,  except  those  caused 
by  St  ataT  or  Lebellar  disease,  have  a  rapid  rate  a  fine  range,  and 
an  irregular  rhythm.  In  these  characters  alone  the  tremor  of  cold 
or  of  post-influLal  debihty  cannot  be  distinguished  from  that  of  an 
anS  neirosis  or  of  intoxication  by  tobacco.  In  all  forms  tremor 
tends  to  be  most  easily  seen  in  the  upper  limbs,  particularly  if  these 
are  held  out  straight  and  stiff  with  the  fingers  fully  abducted.  Strong 
simultaneous  contraction  of  agonist  and  antagonist  groups  of  muscles 
reveis  some  degree  of  tremor  even  in  healthy  persons,  and  the  test 
of  the  outstretched  arms  makes  use  of  this  physiological  method  o 
releasing  tremor  in  order  to  exaggerate  the  morbid  kinds. 

The  finest  and  most  rapid  tremor  is  found  in  mild  degrees  of  hyper¬ 
thyroidism  and  in  anxiety  neurosis:  indeed,  the  range  may  be  so  sin< 
that  the  movement  is  invisible  and  can  only  be  detected  by  palpation 
The  tremor  of  extrinsic  intoxications  is  usually  coarser,  particular  _y 
in  mercurial  poisoning  and  delirium  tremens,  but  in  the  inore  chronic 
form  of  alcoholism  and  in  poisoning  by  tobacco  the  amplitude  may  be 
only  moderate  or  even  fine.  In  a  severe  case  of  toxic  goitre  the  move¬ 
ment  may  be  coarse.  In  hysteria  the  character  of  the  “or  changes 
abruptly  at  short  intervals,  an  extravagant  shaking  of  a  limb  or  of  the 
whole  body  being  suddenly  substituted  for  the  delicate  rapid  fluttering 

mSeTcontrast,  the  tremors  of  striatal  or  cerebellar  disease  have 
a  constancy  of  quality,  even  from  case  to  case.  Parkinsonian  tremor  is 
slow,  the  movements  being  repeated  at  the  rate  of  from  four  to  eigh 
a  second.  It  is  remarkably  regular  and  is  nearly  always  more  evident 
in  resting  muscles.  This  almost  clock-work  rhythm  is  perhaps  more 
valuable  in  diagnosis  than  any  other  feature.  The  range  alone  vanes 
widely,  from  being  so  fine  as  to  be  hardly  visible  to  a  wide  excursion 
of  several  inches.  By  contrast,  the  tremor  of  cerebellar  disease  is  only 
seen  during  active  movement,  at  least  in  the  early  stages,  and  becornes 
more  exaggerated  the  greater  the  voluntary  intent  towards  muscular 
precision.  The  terms  ‘action  tremor’  and  ‘intention  tremor’  are  there¬ 
fore  used  in  description  and  the  many  tests  employed  all  ami  at  com¬ 
pelling  great  accuracy  of  voluntary  movement.  In  advanced  disease  ot 
the  whole  cerebellum  tremor  may  occur  in  apparently  resting  muscles, 
particularly  of  the  head  and  neck.  These  movements  are  called  ‘titu- 
bation’  and  are  slow,  irregular,  and  often  of  wide  amplitude.  They  are 
best  seen  if  the  patient  tries  to  sit  or  stand  erect,  conditions  in  which 
the  musculature  of  the  neck  and  trunk  is  far  from,  being  in  a  truly 

resting  state.  *  ^  ...  o  -i 

The  situation  of  a  tremor  is  of  value  in  determining  its  nature,  benile 

tremor  first  affects  the  hands,  but  soon  after  the  head  is  also  involved. 
Irregular  trembling  of  the  tongue  and  of  the  muscles  about  the  mouth 
is  rarely  absent  in  cases  of  dementia  paralytica  and  alcoholism.  In  the 
former  the  classical  coarse  ‘trombone’  tremor  of  the  tongne  may  be 
seen,  but  not  as  often  as  some  older  descriptions  suggest.  Mercurial 
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tremor  begins  in  the  face  and  tongue,  later  involving  the  upper  and 
lower  limbs  in  that  order.  In  Parkinsonism  those  parts  in  which  rigidity 
is  greatest  are  least  hkely  to  exhibit  tremor,  and  this  accounts  for  its  tremor 
predominance  in  the  smaller  more  peripheral  muscles  of  the  upper 
limb.  The  proximal  parts  of  the  limbs  and  the  head  and  neck  are  not 
affected  until  late  in  the  disease  and  may  escape  entirely,  although  any 
muscle-group  and  its  antagonists  may  be  affected.  In  most  cases  of 
Parkinsonism  both  tremor  and  rigidity  begin  on  one  side  of  the  body 
and  may  remain  worse  there  throughout.  The  tremor  may  move  from 
one  group  of  muscles  to  another  while  the  patient  is  being  watched. 

The  typical  ‘pill-rolling’  movement  of  the  fingers  and  thumb  suddenly 
ceases  and  may  be  replaced  by  a  pronation-supination  of  the  forearm, 
which  in  its  turn  gives  way  to  flexion-extension  of  the  wrist. 

The  tests  used  clinically  to  exaggerate  tremor  have  been  mentioned, 

It  may  also  be  inhibited  in  certain  circumstances.  All  tremors  cease  tremor 
after  complete  paralysis  of  the  involved  parts,  as  shown  by  the  sudden  inhibition 
cessation  of  wild  involuntary  movements  in  a  Parkinsonian  developing 
an  intercurrent  pyramidal  hemiplegia.  Deep  sleep  and  coma  act  simi¬ 
larly.  Parkinsonian  tremor  may  be  inhibited  for  a  short  time  by  the 
application  of  a  painful  stimulus,  and  sometimes  by  changes  in  posture. 

Sudden  emotional  shocks  sometimes  inhibit  Parkinsonian  tremor  tem¬ 
porarily.  If  the  patient  tries  to  control  his  tremor  by  an  effort  of  will, 
he  may  be  partially  successful  for  a  few  minutes,  but  the  movement  tends 
to  recur  more  violently  when  the  attempt  is  abandoned.  The  tremor  of 
chronic  alcoholism  improves  or  even  vanishes  temporarily  after  further 
consumption  of  alcohol.  Anxiety  increases  all  forms,  the  patient  often  Exaggeration 
being  at  his  worst  when  he  visits  the  doctor.  Tremor  of  the  face  and 
tongue  is  usually  exaggerated  by  voluntary  contraction  of  the  muscles, 
particularly  if  this  is  submaximal.  Recently  developed  senile  tremor  only  Senile  tremor 
occurs  with  voluntary  movement,  but  later  the  trembling  persists  when 
the  muscles  are  resting. 


5.-COURSE,  PROGNOSIS.  DIAGNOSIS. 

AND  TREATMENT 

The  course,  prognosis,  diagnosis,  and  treatment  of  tremor  must  in  the 
Plain  be  those  of  the  diseases  causing  the  symptom. 
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Reference  may  also  be  made  to  the  following  title: 

ARTHROPODS  AND  DISEASE 


l.-DEFINITION 

{Synonyms. — Fievre  des  tranchees',  Funftagefiebei",  febris  wolhynica, 
febris  quintana) 

1548.]  Trend!  fever  is,  or  rather  was,  a  mystery  disease.  It  was  first 
detected  during  the  spring  of  1915  among  soldiers  fighting  in  the 
trenches  on  the  Western  Front,  and  after  less  than  four  years  of  great 
prevalence  it  suddenly  disappeared.  The  disease  must  have  existed 
before  1914,  but  where  and  in  what  form  is  not  known.  Probably  it 
still  exists  in  an  ‘inapparent’  form  hut  no  cases  of  natural  infection 
have  been  reported  since  1918. 

Trench  fever  was  a  febrile  disease  probably  caused  by  Rickettsia 
quintana  and  conveyed  from  man  to  man  by  human  lice.  The  only 
characteristic  clinical  feature  was  the  tendency  of  the  fever  to  occur  in 
spells,  at  intervals  of  five  or  six  days,  but  as  this  periodicity  was  only 
observed  in  a  minority  of  the  cases  it  is  impossible  to  give  a  precise 
definition  of  the  disease. 

The  first  account  of  the  disease  was  contained  in  a  report  of  two 
cases  in  British  soldiers  by  J.  H.  P.  Graham  in  September  1915.  The 
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disease  spread  rapidly  all  over  the  Western  Front  and  W.  Byam  History^^^ 
estimated  that  20,000  cases  occurred  among  British  troops  between 
July  1917  and  July  1918.  Numerous  cases  were  reported  from  Salonika  iVorld  War 
and  a  few  from  Egypt  and  Mesopotamia.  The  disease  was  prevalent 
among  all  the  troops  on  the  Western  Front  but  there  is  no  reliable 
evidence  of  the  number  of  cases  which  occurred  in  the  French  and 
German  armies.  Except  for  experimental  cases  and  a  few  isolated  cases 
the  disease  was  confined  to  soldiers  living  in  conditions  of  heavy  louse 
infestation  in  the  trenches  and  to  personnel  coming  in  contact  with 
these  men  on  the  lines  of  communication.  The  disease  at  first  tended 
to  be  mild  and  of  short  duration  but  it  gradually  became  more  severe  so 
that  during  the  last  two  years  of  the  war  the  average  period  of  hospital¬ 
ization  was  two  and  a  half  to  three  months. 


2.-AETIOLOGY 

Experimental  investigation  of  trench  fever  was  first  carried  out  by  McNee,  Experimental 
RenshaWj  and  Brunt  on  twenty-one  volunteers  in  France  in  lyio— lo  volunteers 

(McNee,  1923).  The  blood  of  infected  persons  was  found  to  be  capable 
of  causing  the  disease  in  volunteers  by  subcutaneous  and  intravenous 
inoculation.  Later  investigations  by  the  Commissions  of  the  American 
Red  Cross  and  the  British  War  Office  showed  that  the  infection  might 
persist  long  after  the  onset,  in  one  case  up  to  the  200th  day.  The 
persistence  of  the  infection  in  patients  enabled  W.  Byam  and  his 
colleagues  to  continue  the  study  of  the  disease  in  a  special  hospital  in 
London  during  the  year  1919,  although  the  only  fresh  infections  in 
that  year  were  among  experimental  volunteers. 

McNee  and  others  brought  forward  evidence  in  1916  which  pointed  Vector 
to  lice  as  the  vectors.  Later  it  was  found  that  lice  which  had  fed  on 
patients  and  had  been  kept  at  temperatures  of  26°  to  30°  C.  for  five  to 
twelve  days  could  transmit  the  disease  to  human  volunteers.  Lice  which 
had  once  been  infected  remained  so  for  the  rest  of  their  lives.  There 
was  reason  to  believe  that  the  virus  contained  in  the  faeces  or  bodies 
of  the  lice  entered  the  human  body  through  scratches  rather  than  the 

bites  of  the  insects.  .  ,  ,  . 

Topfer  in  1916  showed  that  large  numbers  of  rickettsia  bodies  {R. 
quintana)  were  contained  in  the  mid-guts  of  lice  which  had  fed  on 
infected  persons.  These  bodies  were  found  by  later  workers  to  differ 

from  those  found  in  hce  infected  with  typhus  in  being  situated  on  the 

surface  of  the  epithelial  cells  and  in  having  somewhat  different  staining 
reactions.  They  also  were  not  capable  of  causing  disease  in  experimental 

aaimals.  .  ^  4.  r 

The  virus  when  dried  was  found  capable  of  surviving  for  two  to  tour 
months  and  was  able  to  withstand  exposure  to  a  temperature  of  55°  C. 
which  kills  lice  and  their  eggs.  No  one  succeeded  in  cultivating  the 
virus  in  vitro. 
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The  tendency  of  the  disease  to  relapse  at  regular  intervals  of  five  or 
six  days  suggests  that  a  spirochaete  would  be  the  most  likely  causal 
organism-  some  French  and  German  workers  claimed  that  they  had 
found  spirochaetes  in  the  blood  of  paUents  but  the  elaborate  investiga¬ 
tions  of  German,  American,  and  British  workers  produced  convincing 
evidence  that  the  causal  organism  was  a  rickettsia  body  and  not  a 
snirochaete.  Should  the  disease  reappear  in  recognizable  form  it  would 
be  worth  while  to  consider  the  possibility  that  spirochaetes  might  be 
concerned  in  the  causation,  as  the  evidence  pointing  to  rickettsia 
bodies,  though  strong,  is  not  absolutely  conclusive. 


Spleen  and 
blood 


Fever 


3.-CLINICAL  PICTURE  AND  PROGNOSIS 

The  meutetion  penod  ranged  trorh  eight  to  “V 

period  yyas  usually  sudden,  the  temperature  rising  to  101  •  ^ 

24  to  36  hours.  There  were  intense  headache  and  shifting  pains  all 
over  the  body,  most  severe  in  the  shins.  Chills  and  sweating  were 
common  and  sometimes  diarrhoea  and  vomiting  occurred.  In  many 
cases  the  onset  was  indistinguishable  from  that  of  dengue  or  influenza. 
CP!„  A  roseolous  rash  was  seen  in  many  cases,  consisting  of  pink  macules 

manifestations  or  papules  on  the  chest,  back,  and  abdomen.  The  spots  might  be 
scanty  or  numerous  and  sometimes  lasted  only  a  few  hours.  The  spleen 
was  usually  enlarged.  A  polymorphonuclear  leucocytosis  was  almost 
invariably  present  during  the  febrile  periods,  usually  followed  by  a 
relative  lymphocytosis  in  the  convalescent  stage. 

The  fever  was  exceedingly  variable  in  duration  and,  although  con¬ 
siderable  irregularities  occurred  in  the  temperature  curves,  the  fever 
tended  to  come  in  a  succession  of  short  spells  following  each  other  at 

intervals  of  five  to  six  days.  _ 

Most  of  the  cases  conformed  to  one  of  the  following  four  types,  oi 
which  the  first  three  show  a  close  resemblance  to  dengue,  (i)  A  short 
spell  of  fever  lasting  two  to  six  days,  (ii)  A  spell  similar  to  the  above 
hut  followed  by  one  to  four  days  of  apyrexia  and  a  relapse  of  two  to 
three  days’  duration,  (iii)  A  ‘saddle-back’  type  differing  from  type  (ii) 
only  in  that  the  first  spell  had  not  ended  before  the  second  spell  began. 

the  whole  attack  lasted  a  week  or  so  but  in  some  cases  there  was  a 

further  period  of  irregular  fever,  (iv)  A  succession  of  three  to  twelve 
short  spells  of  fever  each  lasting  one  to  three  days  and  recurring  every 

five  to  six  days;  this  very  characteristic  type  of  fever  led  to  the  recogni¬ 
tion  of  the  disease  as  a  special  clinical  entity  and  to  the  designation 
‘Fiveday^  ‘five  days’  fever’.  The  total  duration  of  the  fever  was  thus  from  two 
/ever’  days  to  several  weeks  and,  as  in  most  fevers,  irregularities  in  the 

temperature  curve  were  common.  When  the  disease  first  appeared  the 
short  types  predominated,  but  later  the  prolonged  types  were  commoner 
and  the  disease  became  much  more  severe. 

During  the  course  of  the  prolonged  cases  disordered  action  of  the 


Types 
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heart  and  depression  were  common  and  convalescence  was  often 
prolonged.  In  the  short  attacks  there  were  few  complications  and  segue  ae 
convalescence  was  rapidly  established.  The  commonest  sequelae  were 
neurasthenia  and  disordered  action  of  the  heart.  The  mortality  was  Prognosis 
practically  nil  but  there  were  many  cases  of  prolonged  invalidism. 


4.-DIAGNOSIS  AND  DIFFERENTIAL  DIAGNOSIS 

In  places  where  the  disease  was  common  diagnosis  was  not  difficult 
except  in  the  short  cases  which  often  closely  resembled  influenza  or 
dengue.  The  five-  to  six-day  periodicity  was  almost  the  only  reliable 
feature;  in  the  absence  of  this  the  diagnosis  was  made  chiefly  by 
exclusion  of  other  causes  of  fever.  There  must  have  been  many  cases 
of  ‘inapparent’  infection  judging  by  analogy  with  other  febrile  diseases. 

The  short  cases  were  differentiated  with  difficulty  from  influenza,  differential 
dengue,  sand-fly  fever,  and  mild  infective  jaundice  when  these  diseases  ‘^snosis 
occurred  in  the  locality,  otherwise  there  was  no  likelihood  of  mistakes 
being  made  by  medical  officers  with  experience  of  the  disease.  In  the 
chronic  cases  enteric  or  undulant  fever  might  be  simulated  but  these 
diseases  could  usually  be  excluded  by  specific  tests. 


5.-TREATMENT 

Prevention  followed  the  same  general  lines  as  in  typhus  and  relapsing 
fever,  but  mere  delousing  was  not  enough  because  the  virus  in  the  bodies 
and  faeces  of  the  lice  could  survive  temperatures  at  which  the  lice  were 
effectively  destroyed.  Thorough  disinfection  of  the  clothing  was  needed 
as  there  was  reason  to  believe  that  virus  adhering  to  soiled  clothes 
could  enter  the  body  through  scratches. 

No  treatment  was  found  to  influence  the  duration  of  the  disease  but 
great  importance  was  attached  to  maintaining  the  nutrition  of  the 
patients  and  keeping  them  at  rest  in  cheerful  surroundings  till  con¬ 
valescence  was  well  established.  After  severe  attacks  a  period  of  leave 
was  of  great  value  in  restoring  the  patients  to  normal  mental  and 
physical  health.  Aspirin  was  much  used  to  relieve  the  pains  and 
insomnia  which  were  distressing  features  of  many  cases. 
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Reference  may  also  be  made  to  the  following  title: 

PYREXIA  OF  OBSCURE  ORIGIN 


l.-DEFINITION 

{Synonyms. — Trichinosis;  trichinelliasis) 

1549.]  This  is  an  infestation  of  man  by  a  nematode  worm,  Trichinella 
spiralis,  of  which  the  adult  forms  infest  the  wall  of  the  small  intestine, 
whence  the  larvae  migrate  to  the  muscles,  in  which  they  become 
encysted  and  cause  various  symptoms. 

2.-TRICHINELLA  SPIRALIS 

Trichinella  spiralis  (Owen,  1835)  Railliet,  1895,  was  first  observed  as 
larvae  in  the  muscles  at  necropsies  in  London  by  Hilton  in  1833. 
Rediscovered  by  Paget  in  1835,  they  were  eventually  referred  to  Owen, 
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who  named  them  Trichina  spiralis.  Leidy  larvae  to  be 

nko  in  Dig’s  flesh  and  Herbst  (1851)  showed  that  they  became  adult  m  a 
also  in  pig  s  flesh,  ana  ^  j  fed  to  an  appropriate  ammal, 

and  also  that  the  females  were  viviparous. 

The  adult  worms  inhabit  the  small  intestine 
and,  in  the  natural  state,  pigs,  wild  boars, 
and  rats  act  as  hosts,  in  addition  to  man. 
Under  experimental  conditions  rabbits  are 
insusceptible  but  dogs,  cats,  foxes,  ears, 
martens,  and  all  other  creatures  which  feed 
on  rats  can  become  infected.  Birds  have  so 
far  been  found  to  be  refractory  to  experi¬ 
mental  infection.  Two  hosts  are  required  to 
complete  the  life-cycle  of  T.  spiralis,  during 
which  each  host  harbours  in  turn  the  mature 
and  larval  stages  of  the  worm. 

The  adult  worms  are  attached  to,  or  burie 
in,  the  intestinal  mucosa  of  their  host.  In 
this  situation  the  males  impregnate  the 
females  and  thereafter  soon  die  off.  At  this 
stage  the  females  increase  to  their  maximal 
size,  boring  more  deeply  into  the  intestinal 
wall.  They  may  work  their  way  to  the  peri¬ 
toneum  or  mesenteric  lymphatic  glands,  and 
by  this  means  the  viviparously  borti  young 
may  be  deposited  in  the  lymphatics  and 
possibly  also  in  the  mesenteric  veins.  It  was 
estimated  by  Leuckart  that  each  female  pro¬ 
duced  as  many  as  1,500  larvae. 

The  male  (see  Fig.  9)  is  1-4  to  1-6  mm.  in 
length  and  is  visible  to  the  naked  eye;  the 
transverse  diameter  is  0-04  mm.  It  is  attenu¬ 
ated  anteriorly  and  broader  posteriorly.  The 
cloaca,  opening  at  the  posterior  end  of  the 
worm,  is  evertible  during  cohus.  The  posterior  end  is  prolonged  into 

two  conspicuous  conical  papillae.  _ 

The  female  (see  Fig.  9)  is  larger  than  the  male  and  viviparous  and 
measures  3  to  4  mm.  long  by  0-06  mm.  broad;  the  vulva  is  situated  m 
the  anterior  fifth,  and  the  posterior  half  is  occupied  by  the  ovary  and 
a  much  coiled  uterine  tube.  The  anus  is  subterminal.  ,  ,  ^  j 

The  larvae  measure  90  to  lOO^a  in  length  by  6p  in  breadth.  Carried 
passively  in  the  lymph  and  blood-stream  and  guided  by  chemotaxis 
these  larvae  pierce  the  coats  of  the  containing  vessels  and  becoine 
encysted  in  the  striated  muscles,  especially  the  diaphragm, 
laryngeal,  lingual,  and  intercostal  muscles,  particularly  those  which 
are  continuously  active. 

Between  the  seventh  and  twenty-third  days  after  infection  they  are 


Fig.  9. — Trkhinella  spiralis, 
S  and  9,  x  45.  (After 
Brumpt.)  Embr.,  embryos; 
G.O.,  genital  opening;  Ov., 
ovary;  T.,  testis.  (This  and 
Fig.  10  from  Mansoris 
Tropical  Diseases') 
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found  in  tlie  arterial  circulation  and  reach  their  destinations  on  the 
average  about  nine  days  later.  While  the  female  worms  are  in  the 
intestinal  wall,  during  a  period  of  five  or  six  weeks,  a  continuous  stream 
of  migratory  larvae  is  observable. 

The  capsule  of  the  cyst  becomes  elliptical  with  blunted  ends  (see 
Fig.  10).  In  this  state  the  larvae  re¬ 
main  incapsulated,  but  active  and 
viable,  for  many  years,  in  man,  for 
instance,  as  long  as  thirty-one  years. 

Often,  however,  they  die  and  become 
calcified,  but  larvae  which  have  not 
become  encysted  may  reach  maturity 
on  ingestion  by  a  suitable  animal. 

When  infected  pig’s  flesh  is  ingested 
by  man,  rats,  dogs,  or  other  car¬ 
nivorous  animals,  the  larvae  become 
excysted  in  the  gastric  juice,  pass 
into  the  duodenum  and  small  intes¬ 
tine,  enter  crypts  in  the  intestinal  wall, 
and  soon  become  mature. 

3.--CLINICAL  PICTURE 

Trichiniasis  may  cause  many  different 
symptoms,  and  the  disease  is  usually 
divided  into  three  stages:  the  period 
of  invasion,  the  period  of  migration  of 
the  larvae,  and  the  period  of  encystment  and  consequent  tissue  changes. 

(1)  — ^Period  of  Invasion 

In  this  stage  the  symptoms  are  mostly  gastro-intestinal:  nausea, 
vomiting,  diarrhoea  with  dysenteriform  motions,  and  colic,  due  to 
catarrhal  inflammation  of  the  intestine  caused  by  the  worms;  sometimes 
haemorrhage  from  the  bowel,  brought  about  by  the  activities  of  the 
adult  worms,  may  be  noted. 

(2)  — ^Period  of  Migration  of  Larvae 

This  stage  is  characterized  by  pain  due  to  the  involvement  of  the  Pain 
muscles,  such  as  the  diaphragm,  those  of  the  arms  and  legs,  the  inter¬ 
costal,  the  larynx,  and  the  mouth,  and  by  the  resulting  impaired 
function,  such  as  of  respiration,  mastication,  and  phonation.  The 
invasion  of  the  diaphragm  and  intercostal  muscles  is  usually  accom¬ 
panied  by  very  distressing  dyspnoea.  There  is  often  pyrexia,  which  may  Dyspnoea 
reach  104°  or  even  105°  F.  and  may  predominate  about  the  second 
week.  The  fever  may  resemble  typhoid  with  a  slow  muttering  delirium. 

The  blood  changes  at  this  stage  are  remarkable.  There  is  a  leucocytosis  Blood  picture 
of  30,000  to  60,000,  with  predominance  of  eosinophil  cells  which 
sometimes  reach  60  per  cent  of  the  total  leucocytes. 


Fig.  10. — Encysted  larva  of  Trkhin- 
ella  spiralis,  fifteen  days  after 
entering  muscle,  x  300.  (After 
Claus  in  Brumpt’s  Precis  de  para¬ 
sitologic) 
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(3)— Period  of  Encystment 

In  this  stage  the  mxiscular  pains  are  most  severe,  and  there  is  consider¬ 
able  oedema  of  various  parts  of  the  body,  especially  the  face.  Cachexia, 
due  to  absorption  of  toxins  from  the  larvae,  is  prominent.  In  heavily 
infected  cases,  which  nltimately  recover,  these  symptoms  gradually 
subside. 

4.-COURSE  AND  PROGNOSIS 

The  outlook  in  lightly  infected  cases  is  good.  In  severe  epidemics  as 
many  as  30  per  cent  of  the  infected  persons  may  die. 


5.-DIAGNOSIS  AND  DIFFERENTIAL  DIAGNOSIS 

Diagnosis  by  immunological  reactions  is  employed  in  man  and  aninials. 
In  1928  Bachman  showed  that  positive  precipitin  reactions  could  be 
obtained  by  using  extracts  of  the  isolated  parasite,  but  the  reaction 
usually  becomes  positive  too  late  in  the  disease  to  be  of  much  practi- 
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An  antigen  is  prepared  from  rabbits  experimentally  fed  with  cysts. 
About  twenty  days  before  incapsulation  has  occurred  (i.e.  about 
twenty  days  after  infection)  the  animal  is  killed,  and  the  masseter 
muscles  are  exposed  to  peptic  digestion.  The  larvae  are  concentrated 
and  repeatedly  washed  to  free  them  from  rabbit  muscle.  They  are  then 
dried  and  extracted  with  a  1  in  500  sodium  chloride  solution.  The 
antigen  injected  intradermally  gives  two  types  of  reaction:  an  immediate 
reaction  characterized  by  the  formation  of  a  papule  at  the  site  of  injec¬ 
tion,  and  a  delayed  reaction  which  attains  its  maximum  twenty-tour 
hours  after  injection.  Most  Anaerican  workers  find  that  a  1  in  10, 
dilution  of  the  antigen  in  Coca’s  solution  gives  the  best  results  two  to 
three  weeks  after  infection. 

In  the  stage  of  encystment,  in  which  muscular  and  rheumatic  pams 
predominate,  biopsy  of  a  small  piece  of  muscle,  such  as  the  dehoid, 
the  biceps,  or  the  gastrocnemius,  especially  in  the  vicinity  ot  the 
tendinous  attachments,  and  examination  under  the  lovv  power  of  the 
microscope  usually  reveals  the  encysted  larvae.  Digestion  in  artificial 
gastric  juice,  with  pepsin  and  hydrochloric  acid,  of  suspected  material, 
especially  the  laryngeal  muscles,  is  said  to  give  better  results.^ 

The  differential  diagnosis  of  trichiniasis  affords  an  interesting  study, 
but  it  is  one  that  can  rarely  present  itself  to  the  practitioner  in  Great 
Britain  at  the  present  time. 

In  the  early  stages  trichiniasis  presents  certain  features  in  common 
with  food  poisoning,  cholera,  and  dysentery;  at  a  somewhat  later  stage 
enteric  fever  must  be  ruled  out.  The  oedema  which  has  been  described 
may  be  confused  with  nephritis,  but  the  absence  of  albuminuria  shou 
settle  this  point.  In  trichiniasis  there  is  always  considerable  eosino- 
philia,  and  in  the  secondary  stage  the  male  worms  can  be  found  in  the 
faeces  and  the  larvae  demonstrated  in  the  blood-stream. 
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6.-TREATMENT 

(1) — Prophylactic 

The  knowledge  that  the  pig  is  the  main  reservoir  of  infection  for  man 
has  resulted  in  the  almost  complete  disappearance  of  trichiniasis  in 
man  from  Europe  and  America.  The  systematic  examination  of  pig’s 
carcasses  by  meat  inspectors  has  been  specially  directed  towards  this 
infection  and  entails  a  microscopical  examination  of  the  laryngeal 
muscles  and  the  diaphragm.  The  ordinary  methods  of  curing  meat  or 
ham  by  salting  or  smoking  are  ineffectual  for  killing  the  larvae; 
refrigeration  at  5°  F.  for  not  less  than  twenty  days  renders  infected 
meat  harmless,  but  boiling  for  a  period  of  half  an  hour  for  every  pound 
of  flesh  is  the  only  really  safe  method. 

(2) — ^Palliative 

No  therapeutic  agent  is  specific  for  the  Trichinella  or  will  cut  short 
the  course  of  the  disease.  Only  palliative  measures  can  be  used. 
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1.  THE  INCIDENCE  OF  GENERAL  DISEASES  IN 

TROPICAL  COUNTRIES  -  -  - 

2.  MINOR  TROPICAL  DISEASES 


Reference  may  also  he  made  to  tropical  diseases  appearing  under  their 
own  names,  and  to  the  following  titles. 


ANTENATAL  CARE 
CARRIERS  IN  INFECTIVE 
DISEASE 

DIETETIC  DEFICIENCY 
DISEASES 


HEAT-STROKE  AND  HEAT- 
EXHAUSTION 
LIVER  DISEASES 
PSYCHONEUROSES  AND 
PSYCHOTHERAPY 


1 -THE  INCIDENCE  OF  GENERAL  DISEASES 
IN  TROPICAL  COUNTRIES 

1550.]  Even  in  tropical  countries  most  of  the  serious  cases  seen  by  the 
practitioner  are  due  to  general  diseases  of  world-wide  distribution.  The 
relative  incidence  of  the  principal  diseases,  however,  may  differ  widely  sources  of 
from  that  prevailing  in  the  temperate  zone,  and  some  account  of  the 
variations  may  conveniently  be  given  here.  The  data  are  based  mam  y 
on  an  analysis  by  Rogers  (1925)  of  a  large  number  of  necropsies  on 
medical  cases  in  Calcutta,  which  were  in  close  agreement  with  those 
of  the  vital  statistics  of  that  city;  they  were  compared  with  the  data 
of  1  000  necropsies  at  St.  Mary’s  Hospital,  London.  Somewhat  similar 
figures  were  worked  out  by  Megaw  (1935)  from  returns  from  the 
Phihppine  Islands  and  from  among  the  employees  of  the  United  Fruit 
Company  in  tropical  America.  The  Calcutta  figures  showed  that  only 
one-third  of  the  total  deaths  were  due  to  tropical  diseases;  the  remaining 
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two-thirds  are  therefore  well  worthy  of  consideration.  Calcutta  has  a 
good  deep  drainage  system  and  suffers  comparatively  little  from  malarial 
fevers.  On  the  other  hand  kala-azar,  cholera,  and  dysenteries  cause 
28  per  cent  out  of  the  33  per  cent  of  deaths  due  to  tropical  diseases. 
The  ages  of  the  Calcutta  necropsy  subjects  are  very  different  from 
those  in  London.  In  order  to  compare  the  figures  it  is  necessary  to 


exclude  cases  under  10  years  of  age  as 

they  scarcely 

occur  in  the 

Calcutta  data.  Of  the  subjects  above  that  age  the  percentage  between 
21  and  40  is  64-4  per  cent  in  Calcutta,  against  only  29-4  per  cent  in 
London.  As  a  corollary,  in  Calcutta  only  8  per  cent  were  over  50  and 

only  2  per  cent  over  60,  compared  with  38-5  and  14-4  per  cent  in  London. 
The  importance  of  this  in  explaining  the  rarity  in  tropical  India  of 

certain  diseases  of  the  later  decades  of  life  will  appear  presently,  but 

the  infrequency  of  enlarged  prostate  in 
here. 

Calcutta  may 

be  mentioned 

TABLE  1. — Percentages  of  Deaths  in  the  Main  Groups  of  Diseases 

Group 

London 

Calcutta 

General  diseases 

6-1 

9-23 

Tuberculosis  _  -  - 

-  13-4 

21-93 

Circulatory  diseases 

-  20-3 

10-50 

Respiratory  diseases 

-  16-6 

27-13 

Digestive  diseases 

7-5 

12-00 

Urinary  diseases 

8-6 

6-35 

Nervous  diseases 

-  11-9 

7-41 

Malignant  tumours 

-  13-8 

4-59 

Remainder  ^  - 

1-6 

0-84 

TABLE  11. — Percentages  of  Deaths  from  the  Principal  Diseases 

Disease 

London 

Calcutta 

General  Diseases 

Anaemia  _  -  - 

1-5 

2-34 

Leukaemia  _  ^  _ 

L7 

0-27 

Diabetes  mellitus 

0-7 

0-18 

Diphtheria  -  -  - 

0-5 

0-18 

Septicaemia  -  -  - 

0-5 

3-00 

Tetanus  ~ 

0-1 

2-05 

Typhoid  _  _  _ 

0-3 

1-21 

Pulmonary  tuberculosis 

5-4 

16-10 

Primary  intestinal  tuberculosis 
Circulatory  Diseases 

0-0 

1-04 

Malignant  endocarditis  - 

2-6 

1-50 

Rheumatic  endocarditis  - 

3-7 

0-00 

Aortic  valve  disease  --  - 

3-6 

2-73 

Mitral  valve  disease  ~  - 

4-3 

0-93 

Aneurysm  -  -  - 

3-2 

1-59 
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Disease 

London 

Calcutta 

Respiratory  Diseases 

Lobar  pneumonia 

4-2 

1603 

Broncho-pneumonia  - 

6T 

5-80 

Bronchitis  _  _  - 

4-7 

3-00 

Digestive  Diseases 

Gastric  and  duodenal  ulcers  - 

2T 

0-92 

Enteritis  _  _  _ 

2-0 

1-42 

Hepatic  cirrhosis 

1-3 

5-91 

Kidney  Diseases 

Parenchymatous  nephritis 

2-3 

T96 

Granular  kidney 

5-4 

3-46 

Nervous  Diseases 

Meningitis  (non-tuberculous)  - 

2-4 

3-29 

Apoplexy  _  -  - 

6-2 

1-96 

The  larger  proportion  classed  as  general  diseases  is  due  to  the  following  General 
differences  in  the  two  series.  As  might  be  expected,  anaemia  was  the  diseases 
cause  of  death  in  2-34  per  cent  in  Calcutta  as  compared  with  1-5  per 
cent  in  London.  This  is  only  partly  due  to  a  very  few  cases  of  ankylo¬ 
stomiasis.  On  the  other  hand,  leukaemia  was  more  common  in  London 
(1-7  per  cent)  but  I  have  met  it  in  Calcutta  (0-27  per  cent)  and  on  one 
occasion  was  saved  by  a  blood  count  from  puncturing  the  spleen  in 
mistake  for  kala-azar. 

Diabetes  mellitus  caused  0-7  deaths  in  London  against  0T8  in  Calcutta,  Diabetes 
but  0-6  per  cent  in  the  Calcutta  vital  statistics  of  persons  over  5  years 
of  age,  to  exclude  the  effect  of  the  extremely  high  Calcutta  infantile 
mortality.  The  disease  is  thus  rare  in  the  labouring  classes  in  hospital 
but  common  in  well-to-do  Indians,  who  consume  large  quantities  of 
carbohydrates  and  sugar.  Diabetic  gangrene  is  also  frequent  in  such 
persons. 

Diphtheria  is  somewhat  less  common  in  the  tropics,  although  by  no  Diphtheria 
means  rare.  The  deaths  from  this  disease  were  0-5  per  cent  in  the  London 
series,  against  0T8  in  the  Calcutta  necropsies,  but  0-37  per  cent  in  the 
Calcutta  Health  Oflhcer’s  returns. 

Septicaemia,  including  pyaemia  but  not  puerperal  fever,  was  the  cause  Septicaemia 
of  3-0  per  cent  of  necropsies  and  T2  per  cent  in  the  vital  statistics  in 
Calcutta,  against  0-5  per  cent  in  London  (for  surgical  necropsies  are 
not  included  in  the  analysis).  I  was  early  struck  by  this  fact,  which  is 
explainable  on  the  ground  that  the  hot  moist  atmosphere  of  Bengal  is 
favourable  to  the  survival  of  streptococci.  Some  of  the  fatal  secondary 
infections  after  the  old  open  operation  for  draining  amoebic  liver 
abscesses  were  due  to  post-operative  streptococcal  infections;  they  are 
most  difficult  to  prevent  on  account  of  the  copious  discharges. 

Tetanus  shows  the  greatest  difference  in  the  two  series,  with  2-05  per  Tetanus 
cent  in  the  Calcutta  necropsies  and  IT  per  cent  in  the  vital  statistics 
of  those  over  5  years  of  age,  against  only  OT  per  cent  in  the  London 
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necropsies.  Still  more  terrible  is  the  fact  that  the  Calcutta  health  returns 
of  1921  showed  6-04  per  cent  of  all  deaths  were  due  to  tetanus,  for 
infants  formed  87  per  cent  of  the  total  deaths  from  tetanus.  This  is 
due  to  the  filthy  customs  of  ignorant  Indian  midwives  in  dressing  the 
umbilical  cords  of  newly-born  infants,  using  materials  which  often 
include  the  dung  of  the  sacred  cow!  My  attention  was  early  drawn  to 
the  frequency  of  deaths  from  tetanus  in  patients  admitted  for  street 
injuries  in  Calcutta,  and  experiments  showed  that  the  insertion  beneath 
the  skin  of  rats  of  a  minute  pinch  of  Calcutta  street  dust  produced 
tetanus  in  five  out  of  six.  This  led  me  to  advocate  prophylactic  serum 
in  all  street  wounds,  and  it  is  satisfactory  to  note  that  the  incidence  of 
tetanus  in  the  surgical  necropsies  fell  from  20  in  the  first  1,000  to  2 
in  the  last  600.  This  real  danger  of  wounds  in  tropical  country  is  there¬ 
fore  preventable. 

'nteric  Enteric  fever  is  well  known  to  be  especially  common  in  insanitary 

tropical  countries.  Hospital  data  do  not  bring  this  out  fully,  in  spite 
of  the  London  necropsies  showing  only  0‘3  per  cent  of  deaths  from  this 
cause  against  1-21  per  cent  in  the  necropsies  and  2-9  per  cent  in  the 
vital  statistics  of  Calcutta.  When  I  first  went  to  Calcutta  in  1900  it  was 
generally  held  that  enteric  was  rare  in  Indians;  but,  although  only 
three  cases  had  been  diagnosed  as  such  in  the  previous  ten  years,  I 
found  six  undiagnosed  cases  in  the  wards  at  one  time  by  means  of  the 
Widal  test,  then  recently  introduced  (Rogers,  1902).  I  have  also  seen 
sixteen  cases  at  once  in  an  European  ward  of  twenty-four  general 
medical  beds.  Indians  suffer  chiefly  during  childhood,  so  do  not  appear 
in  the  necropsy  records,  as  they  are  rarely  sent  to  hospital  for  enteric. 
The  very  general  use  of  preventive  inoculation  against  typhoid  and 
the  paratyphoids  has  greatly  lessened  the  incidence  of  the  disease  in 
Europeans  in  the  tropics;  for  the  India  Office  and  other  service  recruit¬ 
ing  bodies  insist  on  its  use.  The  disease  was  greatly  reduced  in  British 
soldiers  in  India  by  the  isolation  of  all  enteric  patients  until  proved 
no  longer  to  be  carriers  of  the  disease,  and  also  by  the  examination  of 
cookhouse  and  other  servants  for  carriers. 

Tuberculosis  It  is  difficult  to  exaggerate  the  importance  of  tuberculosis  in  India 
and  other  tropical  countries.  Yet  this  was  late  in  being  recognized, 
for  in  1892  a  leading  Calcutta  physician  stated  at  a  congress  that 
pulmonary  tuberculosis  and  other  lung  diseases  were  rare  in  natives 
of  India.  In  1904,  in  the  course  of  an  inquiry  into  the  true  causes  of 
the  90  per  cent  of  all  deaths  returned  by  the  village  watchman  under  the 
elastic  term  ‘fever’,  I  obtained  clear  evidence  that  90  per  mille  of  the 
total  deaths  were  due  to  pulmonary  tuberculosis.  Moreover,  the  Calcutta 
necropsies  show  16T0  per  cent  and  the  vital  statistics  20’4  per  cent  due 
to  that  cause,  against  5-4  per  cent  in  the  London  necropsies.  Further, 

among  backward  tropical  races  pulmonary  tuberculosis  is  liable  to  take 

on  a  very  acute  intractable  form,  as  pointed  out  by  Lyle  Cummins  with 
regard  to  tropical  Africa.  In  India  the  disease  appears  to  be  inter¬ 
mediate  in  severity  between  that  of  Europe  and  that  of  tropical  Africa, 
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and  the  positive  tuberculin  reactions  are  also  intermediate  between 
the  very  low  figures  in  West  Africa  reported  by  French  workers  and  the 
very  high  rates  in  Europe  and  the  U.S.A.  (Rogers,  1925). 

Equally  interesting  is  the  comparative  rarity  of  surgical  forms  of 
tuberculosis  in  India  as  compared  with  Europe.  This  was  clearly  shown 
in  an  analysis  of  the  admissions  to  the  children’s  wards  of  Calcutta 
hospitals  (Rogers).  It  is  in  accordance  with  the  rarity  of  tuberculosis  in 
cattle,  0-5  per  cent  in  Bengal  cattle  living  largely  in  the  open,  and  nil 
in  200  hill  cattle  used  in  the  writer’s  rinderpest  research.  On  the  other 
hand,  I  was  struck  by  the  frequency  of  primary  intestinal  tuberculosis 
in  Calcutta  necropsies,  which  were  shown  by  inoculation  experiments 
to  be  not  of  the  bovine  type.  This  may  be  related  to  the  custom  of 
milk  being  carried  in  open  cans  through  the  dusty  streets  of  Calcutta, 
combined  with  free  open-air  expectoration  of  the  people. 

The  incidence  of  malignant  tumours  in  the  tropics  also  presents  points 
of  interest.  In  the  first  place  the  Calcutta  necropsies  showed  only  4-59 
per  cent  due  to  this  cause,  against  13-8  per  cent  in  the  London  series. 
Thus  carcinomas  were  three  times  as  numerous  in  the  London  series. 
That  this  is  mainly  due  to  the  shorter  span  of  life  of  the  Calcutta  subjects 
is  clear  from  the  fact  that  76  per  cent  of  the  London  cancer  subjects 
were  over  50  years  of  age;  for  it  has  already  been  stated  that  the 
subjects  surviving  to  over  that  age  were  four  times  as  many  in  London 
as  in  Calcutta.  The  excess  of  cancers  in  London  was  especially  great 
in  those  of  the  stomach,  oesophagus,  and  large  bowel,  and  also  of  the 
breast.  On  the  other  hand,  primary  cancer  of  the  liver  formed  5-7 
per  cent  of  the  Calcutta  necropsies,  but  only  2  per  cent  of  the  London 
ones. 

Diseases  of  the  circulatory  system  are  of  especial  interest  in  view  of 
the  great  rarity  of  true  rheumatic  fever  in  such  a  damp  hot  climate 
as  that  of  Lower  Bengal.  Thus,  in  the  London  necropsies  malignant 
endocarditis  forms  2-6  per  cent  and  rheumatic  endocarditis  3-7  per  cent 
of  the  fatal  cases.  In  Calcutta  the  respective  figures  were  1-50  and  0-00. 
In  Calcutta  malignant  endocarditis  was  mainly  due  to  pneumococci. 
More  remarkable  still,  among  records  of  4,800  necropsies  spread  over 
thirty-seven  years  in  Calcutta  only  one  case  of  typical  rheumatic  endo¬ 
carditis  was  found,  and  that  patient  was  not  an  Indian  subject.  Norman 
Chevers  (1886)  had  previously  noted  the  rarity  of  acute  rheumatism  in 
Lower  Bengal.  Megaw  (1935),  however,  has  met  with  a  few  cases  in 
the  hot,  but  less  humid,  north-western  provinces  of  India.  Rheumatic 
pericarditis  is  equally  rare.  The  importance  of  this  fact  is  that  it  alters 
the  whole  aspect  of  organic  cardiac  disease  and  is  the  main  factor 
accounting  for  the  proportion  of  deaths  from  circulatory  diseases  being 
twice  as  great  in  the  London  as  in  the  Calcutta  series.  Thus,  organic 
mitral  valve  disease  was  the  cause  of  death  in  4-3  per  cent  of  all  cases 
in  London,  but  in  only  0-93  per  cent,  less  than  one-fourth,  in  Calcutta. 
This  is  nearly  all  due  to  the  great  rarity  of  mitral  stenosis  in  young 
adults  or  adolescents  in  Calcutta;  although  this  was  apparently  not 
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known  to  some  of  the  clinicians  judging  from  the  frequency  of  their 
having  diagnosed  the  condition  when  there  were  no  signs  of  it  at  a 
subsequent  necropsy.  On  the  other  hand,  the  relative  incidence  of 
organic  disease  of  the  aortic  valve  only  varied  between  2-6  per  cent  in 
London  and  2-73  in  Calcutta.  It  was  mainly  atheromatous  in  nature,  as 
were  most  of  the  few  cases  of  organic  mitral  disease,  the  age  incidence 
of  which  was  much  higher  than  in  the  London  mitral  cases.  Aneurysms 
numbered  3-2  percent  in  London  against  1-59  in  Calcutta.  This  is  prob¬ 
ably  due  to  the  lower  blood-pressure  and  stamina  of  Indians. 

On  the  other  hand,  the  rare  extensive  and  fatal  atheroma  throughout 
the  pulmonary  arteries,  resulting  in  enormous  hypertrophy  followed 
by  dilatation  of  the  right  heart  with  dropsy,  is  by  no  means  unknown 
in  Calcutta;  for  nine  cases  have  been  reported  (Rogers,  1908),  one  of 
which  was  recognized  in  the  wards.  The  age  incidence  was  low  and  the 
disease  was  associated  with  gummata  in  some  of  the  cases. 

Respiratory  Respiratory  diseases  other  than  tuberculosis  accounted  for  27-13  per 
diseases  of  the  Calcutta  deaths,  compared  with  16-13  in  the  London  series. 

This  is  essentially  due  to  lobar  pneumonia  being  the  commonest  cause 
of  death  in  Calcutta  with  a  rate  of  16-03,  against  4-2  in  London.  The 
Calcutta  vital  statistics  of  those  over  five  years  of  age  confirm  this, 
with  a  figure  of  17-9  per  cent.  Broncho-pneumonia,  however,  gave  the 
very  similar  figures  of  5-80  and  6-1  per  cent  but  nearly  all  the  Calcutta 
cases  occurred  during  the  1918-19  influenza  epidemic;  apart  from  this 
the  rarity  of  deaths  from  broncho-pneumonia  is  a  conspicuous  feature 
of  Calcutta  necropsies  in  my  long  experience  there.  A  hot  climate 
therefore  tends  to  increase  the  prevalence  of  lobar  or  pleuro-pneumonia, 
but  to  lessen  that  of  broncho-pneumonia  in  hospital  cases,  although  this 
is  partly  due  to  the  few  child  subjects.  The  bronchitis  deaths  did  not 
vary  so  much  in  the  two  series,  and  the  Calcutta  vital  statistics  show 
a  high  mortality  for  broncho-pneumonia  and  bronchitis. 

Digestive  Diseases  of  the  digestive  system  also  show  some  interesting  differences 
diseases  tropics.  In  this  group  the  Calcutta  deaths  amounted  to  12-0 

per  cent  against  7-5  per  cent  in  London.  Gastric  and  duodenal  ulcers, 
however,  were  more  common  in  London,  with  2-1  per  cent,  than  in 
Calcutta,  with  0-92  per  cent.  Enteritis  was  rarer  in  Calcutta,  1-42  per 
cent,  than  in  London  with  2-0  per  cent;  this  is  probably  due  to  the  small 
proportion  of  children  in  the  Indian  series.  The  most  striking  feature 
was  the  frequency  of  hepatic  cirrhosis  in  Calcutta,  5-91  per  cent,  as 
compared  with  only  1-3  per  cent  in  the  London  necropsies.  This  feature 
led  the  writer  to  make  a  special  analysis  of  4,800  necropsies  in  Calcutta 
to  elucidate  it,  because  the  disease  was  frequent  in  Mohammedans,  who 
are  forbidden  by  their  religion  to  take  alcohol.  It  was  thus  found  that 
there  was  one  case  of  cirrhosis  of  the  liver  to  every  3-6  cases  showing 
dysenteric  ulceration  of  the  large  intestine,  mostly  of  a  chronic  form 
due  to  amoebic  infection,  in  which  repeated  attacks  of  hepatitis  occur. 
When  liver  abscess  results  it  becomes  enclosed  by  a  dense  fibrous  wall, 
and  repeated  hepatitis  might  well  result  in  cirrhosis  of  the  organ.  It 
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should  also  be  mentioned  that  clinically  cirrhosis  of  the  liver  may  be 
simulated  in  India  by  ascites  associated  with  a  chronic  fibroid  thicken¬ 
ing  of  the  whole  of  the  peritoneum.  Megaw  (1935)  regarded  this  as 
being  caused  by  the  passage  of  the  irritating  toxins  of  dysentery  bachli 
through  the  bowel  wall,  for  such  a  case  may  give  agglutination  with 
Flexner’s  dysentery  bacillus. 

Kidney  diseases  were  rather  more  frequent  in  the  London,  _  8 -b  per 
cent,  than  in  the  Calcutta  series  with  6-35  per  cent.  This  is  mainly  due 
to  a  lower  proportion  of  cases  of  granular  kidney,  probably  owing  to 
the  lower  number  of  elderly  persons.  Perspiration  induced  by  a  hot 
climate  may  to  some  extent  lessen  the  work  of  the  kidney. 

Fatal  nervous  diseases  formed  11-9  per  cent  of  the  London,  but  only 
741  per  cent  of  the  Calcutta  series.  This  was  solely  due  to  the  cases  of 
apoplexy  being  three  times  as  frequent  in  London  and  was  doubtless 
also  associated  with  the  much  higher  proportion  of  subjects  over  the 
age  of  sixty  years,  and  with  the  higher  blood-pressure  of  Europeans 
on  a  mixed  diet  than  that  of  vegetarian  Hindus  in  India.  Cases  of  acute 
meningitis  were  rather  more  numerous  in  Calcutta,  3-29  per  cent, 
against  24  per  cent  in  London.  They  were  mainly  pneumococcal  or 
due  to  cerebrospinal  fever,  the  latter  not  being  rare  in  India. 


2.-MINOR  TROPICAL  DISEASES 

1551.]  Big  heel  is  a  painful  condition  met  with  among  natives  of  the  Big  heel 
Gold  Coast  and  in  Formosa.  It  commences  with  fever,  accompanied 
by  pain  in  the  heel.  The  os  calcis  becomes  swollen  and  tender,  and  rarely 
other  tarsal  bones  may  be  affected.  In  the  course  of  a  month  or  two 
the  trouble  gradually  subsides,  and  no  treatment  appears  to  have  much 

effect  on  its  course.  ^  <■  , 

Mossy  foot  is  a  papillomatous  condition  ongmally  described  in  the  Mossy  foot 

Amazon  River  area  of  South  America.  More  recently  it  has  been  met 
with  in  West  Africa,  Abyssinia,  and  East  Africa.  Loewenthal  (1934)  sug¬ 
gested  the  name  lymphostatic  verrucosis  for  the  complaint.  It  is 
characterized  by  extensive  and  closely  aggregated  papillomas  on  the 
dorsum  and  spreading  to  the  sides,  but  not  to  the  sole,  of  the  foot. 

They  are  very  vascular,  somewhat  painful,  and  accompanied  by  some 
oedema  of  the  foot  and  lower  leg.  The  disease  progresses  very  slowly, 
and  Macfie  (1936)  gave  the  duration  as  from  one  to  twenty  years,  and 
the  age  incidence  as  between  ten  and  sixty  years.  No  sinuses  result;  this 
enables  the  disease  to  be  differentiated  from  Madura  foot.  The  disease 
appears  to  be  inoculable  from  one  foot  to  the  other,  so  that  in  time 
both  are  usually  involved.  Fungi  have  been  described  as  occurnng  in 
the  disease,  but  there  is  no  consensus  of  opinion  on  its  causation. 

Possibly  more  than  one  skin  affection  may  be  covered  by  the  term. 

The  cautery  has  been  suggested  for  its  treatment  and  might  be  effective 

in  an  early  stage. 
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Onalai  or  chilopa  (bleeding  disease)  has  been  reported  from  Portuguese 
West  Africa,  the  Belgian  Congo,  North  Rhodesia,  and  British  East 
Africa  by  various  observers.  It  is  a  serious  affection  characterized  by 
numerous  unibilicated  vesicles,  about  the  size  of  a  pea,  in  the  mouth 
and  nose.  These  contain  either  fluid  or  partly  coagulated  blood  and 
are  accompanied  by  haemorrhages  from  the  affected  mucous  membranes. 
The  chief  symptoms  are  bleeding  from  the  nose  and  mouth,  resulting 
in  secondary  anaemia  and  debility  and  often  terminating  in  death.  In 
fatal  cases  the  larynx  and  trachea  show  haemorrhages  into  the  mucous 
membrane,  and  the  stomach  and  oesophagus  contain  blood  without 
being  ulcerated.  The  spleen  and  liver  are  not  enlarged.  The  disease 
does  not  appear  to  be  infectious,  although  more  than  one  case  may 
occur  in  a  family.  No  specific  treatment  is  known.  H.  A.  Gilkes  (1934) 
suggested  that  the  condition  might  be  a  deficiency  disease  allied  to 
scurvy. 

Chiufa  is  also  reported  from  East  Africa  by  H.  A.  Gilkes  (1934)  in 
the  form  of  an  acute  inflammation  beginning  in  the  rectum  and  extend¬ 
ing  up  to  the  descending  colon.  It  is  said  to  commence  with  the  appear¬ 
ance  of  a  white  powder  around,  the  anus,  and  in  women  also  on  the 
vulva.  A  few  days  later  the  patient  develops  intermittent  fever,  sweating, 
and  weakness.  The  skin  around  the  anus  becomes  red  and  hard  and  the 
orifice  widely  patulous,  exposing  the  inflamed  mucous  membrane  of 
the  rectum.  There  is  then  complete  constipation,  but  as  the  inflanrmation 
spreads  up  to  the  colon  vomiting,  and  even  watery  diarrhoea  containing 
mucus,  set  in.  Gangrene  of  the  rectum,  however,  does  not  occur,  but 
native  patients  generally  succumb  to  the  disease  after  three  days. 
Neither  the  cause  of  the  disease  nor  any  effective  treatment  is  known. 
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l.-DEFIMTION 

{Synonyms. — Ulcus  tropicum;  pliagedaenic  ulcer;  Naga  sore;  tropical 
ulcer;  Annani  ulcer;  Cochin  sore;  Aden  ulcer;  Yemen  ulcer) 

1552.]  Tropical  ulcer  is  a  rapidly  spreading  ulcer  occurring  usually 
on  the  lower  extremities  of  the  body,  which  quickly  assumes  a  phagae- 
daenic  character  and  is  accompanied  by  considerable  pain,  local 
oedema,  sloughing,  and  a  sero-sanguinous  discharge.  The  edges  of 
the  ulcer  are  undermined  and  the  margins  are  considerably  raised. 


2-AETIOLOGY 

Geographical  The  disease  occurs  in  endemic  and  sporadic  forms  in  many  tropical 
distnbution  countries  and  occasionally  in  subtropical  regions.  Extensive  seasonal 
epidemiology  epidemics  have  been  described  from  time  to  time  in  many  regions, 
e.g.  Assam,  Cochin  China,  Malaya,  certain  parts  of  Africa,  the 
Solomon  islands,  and  Melanesia.  The  disease  is  common  in  jungle 
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lands  and  less  common  in  well  settled  areas.  A  Mgli  seasonal  rainfall, 
a  hot  and  damp  climate,  and  marshy  localities  favour  its  occur¬ 
rence. 

The  disease  is  responsible  for  much  disability  among  the  labour 
population  in  tea-gardens  and  railways,  and  among  expeditionary 
forces  passing  through  endemic  regions.  The  resulting  economic  loss 
is  at  times  considerable;  according  to  Hughes  the  usual  stay  of  patients 
in  the  hospital  was  between  141  and  232  days,  and  in  Assam  in  1926 
35  to  40  per  cent  of  the  labour  population  in  tea-gardens  were  at  times 
temporarily  disabled  during  the  busiest  season  of  the  year. 

Occupation  plays  an  important  aetiological  part.  The  disease  is  Occupation 
mainly  confined  to  the  bare-footed  labouring  class  whose  occupations 
expose  them  to  traumatic  lesions.  Children  and  old  ^  people  are  rarely 
attacked,  and  the  incidence  is  higher  in  males  than  in  females,  except 
that  it  is  equal  in  the  two  sexes  where  female  labour  is  employed. 

Much  stress  has  been  laid  on  the  influence  of  debiHtating  conditions, 
such  as  malaria  or  hookworm  infection.  Le  Dantec  (1899)  found  that  infestation 
tropical  ulcer  had  the  same  geographical  distribution  as  malaria,  and  debility 
Cross  regarded  it  as  a  manifestation  of  malaria  and  termed  it  malaria 
ulcer.  According  to  Plehn  it  is  a  disease  of  poverty  and  misery,  but 
Strong  disputed  the  statement  that  the  cHnical  course  of  ulcers  was 
adversely  affected  by  the  constitution  of  the  natives.  Patterson  (1908), 
with  a  very  wide  experience  of  a  large  epidemic  in  tea-gardens  in 
Assam,  was  convinced  that  malaria,  kala-azar,  hookworin,  starvation, 
and  debilitating  conditions  due  to  other  causes  did  not  influence  the 
disease 

Edge  classed  the  condition  as  a  deficiency  disease;  Young,  on  the  Diet 
other  hand,  considered  that  the  evidence  for  dietary  deficiency,  put 
forward  by  Orr  and  Gilks  and  by  McCullock,  was  by  no  means  con\an- 
cing  Byron  found  the  blood  calcium  in  eighty-four  Chmese  suffering 
from  ulcers  to  vary  between  84  and  9-5  per  100  c.c.  but  administration 
of  either  calcium,  cod-liver  oil,  or  mammalian  liver  raw  or  semi- 
cooked  (Hughes,  1931)  had  not  any  beneficial  effect  on  the  progress  of 
the  ulcers.  I  had  the  same  experience  in  Assam.  Improvement  of  diet 
and  treatment  of  coexistent  pathological  conditions  do  not  influence 
the  course  of  the  disease,  so  that  malnutrition  from  various  causes, 
as  commonly  evident  among  such  labouring  population,  cannot  be 
seriously  considered  as  the  chief  predisposing  cause. 

The  ulcer  starts  in  a  trauma,  i.e.  any  breach  of  the  skin,  such  as  Trauma 
injuries,  pricks,  cuts,  insect  and  animal  bites,  ankylostoma  papules, 
and  irritation  caused  by  poisonous  plants.  It  is  assumed  that  secondary 
infection,  the  nature  of  which  is  unknown,  supervenes  on  the  primary 
traumatic  lesion.  Spirochaetes  and  Vincent’s  bacilli  have  been  regarded 
as  causal  agents  merely  because  of  their  presence  in  a  large  proportion 
of  the  ulcers  and  their  penetration  deep  into  the  tissues,  but  without 
due  consideration  that  they  may  be  merely  saprophytes. 


E.M.  VOL.  xn 


s 


258 


TROPICAL  ULCER 


tVOL.  XH 


3.-BACTERI0L0GY  AND  MORBID  ANATOMY 


Organisms 
isolated  from 
lesions 


Le  Dantec  claimed  to  have  been  the  first  in  1884  to  find  a  bacillus, 
Vincent’s  bacillus,  in  French  Guiana,  and  Plaut  (1894)  first  drew  atten¬ 
tion  to  the  presence  of  a  fusiform  bacillus,  commonly  associated  with 
a  spirillum,  in  ulcerative  lesions  of  the  mouth,  throat,  and  pharynx. 
Vincent  (1896)  described  fusiform  bacilli  associated  with  a  spirillum  from 
the  ulcers  of  forty  out  of  forty-seven  Arabian  tourists  who  had  returned 
from  Madagascar;  he  detected  the  same  organisms  in  noma,  Plaut- 
Vincenfs  angina,  scurvy,  and  hospital  gangrene,  and  was  convinced 
of  the  pathogenicity  of  these  organisms.  In  1905  Blanchard  described 
and  named  this  spirochaete  after  Vincent,  and  Prowazek  in  1907  gave 

it  Schaudinn’s  name;  both  attri- 


ik'  ^  'I 


Fig.  11.— Fusiform  bacilli  and  spiro- 
chaetes  in  direct  smear  from  tropical 
ulcer:  Giemsa  (This  and  Fig.  12  from 
Indian  Medical  Gazette^  1928) 


Cultivation 
of  spirochaete 
and  fusiform 
bacilli 


Other 

organisms 

Histo- 

pathology 


buted  these  ulcers  to  the  spiro¬ 
chaete.  The  consensus  of  opinion 
is  that  Trep.  vincenti  and  S. 
schaudinni  are  identical.  The 
pathogenicity  of  these  organisms 
has  been  emphasized  by  numerous 
observers  (Vincent;  Blanchard; 
Wolbach  and  Todd;  Keysselitz 
and  Mayer;  and  Smith).  They 
are  indistinguishable  from  the 
organisms  obtained  in  gangren¬ 
ous  ulcers,  noma,  syphilitic  sores, 
gangrene  and  abscess  of  the  lungs, 
and  bronchial  spirochaetosis. 

The  pleomorphic  nature  of  spiro- 
cliaete  and  fusiform  bacilli  has 
long  been  recognized.  S.  schaudinni 
varies  in  length  from  6  to  22ju.  "Weaver  and  Tunnicliff  were  the  first  to 
cultivate  them  successfully.  David  Semple  and  his  co-workers  (1919) 
declared  that  in  cultures  the  two  organisms  are  indistinguishable. 
Smith  (1933)  followed  the  method  adopted  by  Krumwiede  and  Pratt 
(1913)  with  consistent  results.  Vincent’s  bacilli  in  cultures  show  well 
marked  motility.  Both  spirochaete  and  Vincent’s  bacilli  can  be  recog¬ 
nized  quickly  in  smears  taken  from  the  discharge  and  stained  with 
Leishman’s  or  Giemsa’s  stains  (see  Fig.  11). 

In  addition  to  the  spirochaete  and  fusiform  bacilli,  bacteria  and  cocci 
have  been  described. 

Exhaustive  histopathological  studies  have  been  made  by  Strong; 
Sanarelli;  Keysselitz  and  Mayer;  and  Wolbach  and  Todd.  The  upper 
layer  of  the  ulcer  shows  a  dense  homogeneous  layer  in  which  the 
structure  of  the  tissue  can  no  longer  be  recognized.  Scattered  here  and 
there  are  clusters  of  red  blood-cells  and  polymorphonuclear  leucocytes 
and  in  places  much  fibrin  can  be  detected,  A  little  deeper  the  number 
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of  leucocytes  is  greatly  increased  and  a  dense  coagulation  of  liquid 
exudate  also  takes  place;  the  process  represents  an  extensive  coagulation- 
necrosis.  Deeper  still  there  is  a  great  proliferation  of  connective-tissue 
cells.  According  to  Smith  (1930),  sections  from  actively  progressing 
ulcers  of  from  2  to  4  weeks’  duration  show  the  spirochaete  invad¬ 
ing  to  a  considerable  extent  the  granulation  tissue  at  the  base  of  the 
ulcer.  The  Malpighian  layer  of  the  epithelium  in  the  neighbourhood 
of  the  ulcer  margin  is,  as  a  rule,  densely  infiltrated  by  the  spirochaete. 

The  fusiform  bacilli,  on  the  contrary,  remain  for  the  most  part  super¬ 
ficial,  forming  a  dense  ‘pallisade’  or  fence-like  barrier  just  below  the 
surface  of  the  ulcer,  but  covered  more  or  less  completely  by  a  layer 
of  necrotic  material  heavily  infected  with  organisms  of  various  kinds. 

The  ‘pallisade’  of  fusiform  bacilli  stops  short  of  the  epithelial  borders 
of  the  lesion.  The  bacilli  forming  the  pallisade  are  arranged  in  closely 
packed  perpendicular  masses.  The  presence  of  spirochaetes  in  the  walls 
of  small  vessels  within  the  capillary  is,  according  to  Smith,  an  additional 
proof  of  the  invasive  tendency  of  these  organisms  and  he  suggested  that 
they  might  be  present  in.  the  blood-stream. 

Although  Le  Dantec,  Apostolides,  Patterson,  Fox,  and  Hall  Wnght 
claim  to  have  successfully  transferred  the  disease  to  both  men  and 
animals,  the  bulk  of  opinion  is  against  such  a  view.  Lloyd  Patterson 
first  suggested  that  the  eye-fly  Siphonella  funicola,  Meij  (see  Vol.  II,  Eye-flies 
p.  127),  which  has  a  close  seasonal  coincidence  with  tropkal  ulcerations, 
was  responsible  for  the  spread  of  the  disease.  This  view  was  further 
strengthened  by  Wright’s  experiment  on  himself  in  1919.  On  the  other 
hand,  I  was  able  to  prove  in  Assam  that  these  flies  are  incapable  of 
converting  experimental  scratches  or  abrasions  into  typical  phage- 
daenic  conditions  and  that  they  cannot  play  a  prominent  part  in  the 
outbreak  of  an  epidemic,  although  the  advent  of  the  eye-fly  and  that 
of  Naga  sore  are  simultaneous.  Fox  reported  that  in  one  tea-g^den 
fourteen  coolies,  when  inoculated  with  cholera  vaccine,  developed  Naga  punctures 
sore  on  the  site  of  the  puncture.  Another  author  reported  the  occurrence 
of  the  disease  on  unhealed  vaccination  sores,  and  Blanchard  also  reported 
tropical  phagedaena  supervening  on  vaccine  pustules. 


4.-CLINICAL  PICTURE 

The  parts  of  the  body  naturally  subjected  to  trauma  are  mostly  Site  of  origin 
affected;  hence  the  ulcer  commonly  occurs  betow  the  knee.  The  starting 
point  of  the  ulcer  is  always  a  cut,  abrasion,  insect  bite,  or  other  trau- 

matic  lesion.  ^ ^  ^  m 

The  ulcer  may  be  single  or  multiple.  The  site  of  injury  soon  turns  into  Ulceration 

an  ulcer,  which  spreads  rapidly,  deepens  considerably,  and  becomes 
covered  with  a  greyish-yellow  thick  purulent  foul-smelling  sloi^  - 
The  margins  tend  to  become  undermined  from  the  beginnmg.  The 
spread  in  some  cases  is  so  rapid  that  in  the  course  of  five  to  eight  days 
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it  preseats  a  phagedaenic  appearance  with  fetid  discharge.  The  super¬ 
ficial  fascia,  muscles,  tendons,  nerves,  and  vessels  may  be  destroyed. 
In  severe  cases  necrosis  of  bone  may  take  place.  The  shape  depends 
on  the  nature  of  the  injury  (see  Fig.  12):  a  prick  results  in  a  circular 
ulcer  and  a  cut  from  a  spade  in  an  irregular  form.  Considerable  swelling 
of  the  affected  part  is  frequent  and  may  even  simulate  filarial  ele¬ 
phantiasis.  The  margins  of  the  ulcers  are  considerably  raised  and 
present  a  cup-shaped  appearance  when  the  ulcer  is  circular.  It  is  difficult 
to  make  out  its  depth  on  account  of  the  presence  of  a  tenacious  slough; 

it  contains  numerous 
spirochaetes  and  fusiform 
bacilli.  A  watery  sero¬ 
sa  n  g  u  i  ii  e  o  u  s  d  ischa  r  ge 
from  the  ulcer  is  ex¬ 
tremely  putrid  and  has 
a  gangrenous  odour.  The 
slough  is  so  adherent  that 
it  is  difficult  to  remove 
it  and  the  underlying  red- 
granulation-tissue  bleeds 
on  the  slightest  attempt 
at  removal. 

Patterson  and  Scott 
laid  stress  on  pain  as 
an  important  symptom. 
Scott  remarked,  T  have 
in  mind  a  clear  picture 
of  the  unfortunate 
patients  sitting  on  the  hospital  verandah  nursing  their  legs  and  dis¬ 
playing  in  their  faces  the  utmost  misery  and  pain,  they  would  not 
have  the  sores  touched  and  suffered  greatly  when  they  were  dressed’. 
Walking  and  standing  are  very  painful,  but  the  pain  is  considerably 
relieved  by  lying  down.  Enlargement  of  neighbouring  glands  is  infre¬ 
quent.  There  is  little  or  no  constitutional  disturbance.  The  disease  is 
generally  non-febrile  during  its  whole  course. 

These  ulcers  are  generally  self-limited  and  the  majority  do  not  extend 
beyond  the  deep  fascia.  Healing  is  very  slow  and  leaves  a  whitish  scar 
which  is  sometimes  disfiguring.  No  immunity,  local  or  general,  is 
conferred. 

5.-DIAGNOSIS 


Diagnosis  must  be  made  by  the  general  appearance  of  the  ulcer 
and  its  phagedaenic  character.  Veldt  sore  (see  p.  538)  is  a  different 
condition. 
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6.-TREATMENT 

In  order  to  prevent  cuts  and  abrasions  I  first  suggested  the  wearing  Prophy4cocis 
of  puttees,  and  Kerby  stated  that  the  incidence  of  ulcus  tropicum 
has  decreased  enormously  wherever  the  wearing  of  puttees  has  een 

enforced.  i 

There  is  a  wide  divergence  of  opinion  as  to  the  efficacy  of  any  particular 
method  of  treatment.  Treatment  should  be  mainly  m  accord  wit 
surgical  principles  and  local.  Attention  should,  however,  be  paid  to  the 
patients’  general  health  and  hygiene,  and  dietary  deficiency  should  freatment 
corrected,  although  improvement  of  the  diet  does  not  materia  t 
shorten  the  course  of  the  disease.  Absolute  rest  is  essential  and  should 

be  the  fundamental  part  of  the  treatment.  ^  , 

An  essential  preliminary  is  the  cleansing  of  the  surface  of  the  ulcers  Local: 
by  powerful  caustics  such  as  pure  liquefied  phenol  or  copper  sulphate. 

McGuire  stated  that  an  ulcer  of  the  usual  size  healed  in  about  two 
weeks  under  the  following  treatment:  swabbing  of  the  ulcer  twice  daily 
with  a  solution  containing  copper  sulphate  180  grains,  phenol  60  grains, 
distilled  water  1  fluid  ounce,  followed  by  dusting  whh  a  powder  con¬ 
sistin'^  of  one  part  of  iodoform  and  three  parts  of  bismuth  subgallate. 
Srealment  is  painless.  Bathing  the  affeeted  parts  in  a  dismfeetant 
lotion  such  as  solution  of  mercuric  chloride,  potassium  permanganate, 
eusol,  or  electrolytic  chlorogen,  followed  by  the  application  of  iodo¬ 
form  and  boric  acid,  is  generally  recommended.  ^  c  •  w 

Chronic  nlcers  may  show  a  poor  tendency  to  heal;  then 
and  indurated  edges  should  be  clipped  away  with  scissors  followed  by 
application  of  B.I.P.P.  When  the  ulcer  spreads  in  spite  of  the  most 
energetic  treatment,  its  total  excision  under  ffical  or  general  anaesthesia 
should  be  tried.  Healing  is  hastened  by  Thiersch  skin  grafting. 

Sayers  modified  Dickson  Wright’s  method  of  strapping  to  the  treat-  Strapping 
ment  of  ulcus  tropicum.  The  leg  is  firmly  encased  from  foot  to  knee  in 
a  3-inch  spiral  bandage;  no  special  attention  is  paid  to  ffischarge  from 
the  ulcer,  and  the  bandage  is  changed  once  a  week.  The  patient  is 
allowed  to  continue  his  usual  activities.  .  .  n  ^ 

Arscical  preparations,  and  dyes,  snch  as  mchyl  void  brrlhan 
green  and  acriflavine,  have  not  proved  effective,  and  X-ray  therapy 
Lapiointing.  Loewenthal  reported  that  daily  intravenous  i°iections  G*™ 
of  15  grains  of  calcium  chloride  in  10  c.c.  of  distilled  water,  until  ^ 
recovery  was  complete,  promoted  rapid  separation  of  the  slough  an 
healing  of  the  ulcer.  Brown  obtained  excellent  results  from  parathyroid 
Ltment.  Maggot  treatment  may  prove  useful  and  may  be  given  a 
trial  (see  Myiasis,  Vol.  IX,  p.  64). 
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1-DEFINITION 

(^Synonym.— Mncaxi  trypanosomiasis) 

1553  ]  Sleeping  sickness  is  an  infection  met  with  in  tropical  Africa  due 
to  protozoal  parasites  belonging  to  the  genus  Trypanosoma,  disseminated 
by  various  tsetse  flies  {Glossina),  and  characterized  by  irregular  febrile 
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disturbances,  by  an  erythematous  eruption  and  localized  oedemas,  by 
a  polyadenitis,  tachycardia,  and  later  in  the  disease  by  various  nervous 
phenoniena;  in,  untreated  cases  the  infection  usually  terminates  in  coma 
and  death. 


2-PARASITOLOGY 

(1)— Trypanosomes 

Two  forms  of  sleeping  sickness  are  commonly  recognized,  one  due  to 
Trypanosoma  gambiense  and  the  other  to  Trypanosoma  rhodesiense. 
Although  the  identity  of  these  two  trypanosomes  has  been  the  subject 
of  much  discussion,  and  considerable  evidence  has  been  accumulated 
indicating  that  they  are  very  closely  related  if  not  identical,  nevertheless 
from  the  clinical  point  of  view  it  is  convenient  to  regard  the  parasites, 
and  the  diseases  which  they  cause,  as  separate  entities.  Their  geo¬ 
graphical  distributions  are  not  the  same,  the  tsetse  flies  responsible  for 
their  dissemination  differ,  the  two  infections  exhibit  certain  clinical 
differences,  and  their  reactions  to  drugs  differ. 

Trypanosoma  gambiense  and  T.  rhodesiense  are  found  in  the  blood 
usually  in  scanty  numbers,  but  sometimes,  especially  in  the  case  of 


Fig.  13.— various  forms  of  Trypanosoma  gambiense  and  T.  rhodesiense  met 
with  in  human  blood,  and  (€)  the  posterior-nuclear  forms  found  in  the  blood  of 
animals  inoculated  with  T.  rhodesiense.  x  1300 


r.  rhodesiense,  they  may  be  present  in.  large  numbers.  They  belong 
to  the  polymorphic  group  of  trypanosomes  and  are  curved  fusiform 
organisms  varying  from  about  10  to  12/x  up  to  32/x  in  length.  The 
shorter  individuals  are  relatively  broad  but  the  longer  forms  are  slender. 
The  nucleus  is  large  and  is  situated  towards  the  centre  of  the  body, 
and  the  kinetoplast  is  small  and  near  the  posterior  end.  From  the 
kinetoplast  arises  a  flagellum  which  runs  anteriorly  and  is  bound  to 
the  body  by  a  delicate  undulating  membrane.  In  the  long  and  slender 
individuals  the  flagellum  is  continued  some  distance  beyond  the  anterior 
end  of  the  body  as  a  free  flagellum;  in  the  short  and  broad  forms  the 
flagellum  ends  at,  or  immediately  beyond,  the  anterior  end  of  the  body, 
so  that  the  free  flagellum  is  either  absent  or  extremely  short.  The 
parasites  multiply  in  the  blood-stream  by  longitudinal  division  (see 
Fig.  13,  a  to  d).  In  cover-slip  preparations  of  fresh  blood,  the  trypano¬ 
somes  can  readily  be  detected  owing  to  their  motility;  they  wriggle 
actively  in  situ  creating  a  disturbance  among  the  red  corpuscles. 

In  the  blood  of  man  the  two  trypanosomes  are  morphologically 
indistinguishable  from  one  another,  When  they  are  inoculated  from 
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man  into  small  laboratory  animals,  e.g.  rats,  mice,  and  guinea-pigs, 

T.  rhodesiense  is  much  more  pathogenic  than  T.  gambiense.  T.  rhodesiense  laboratory 

produces  a  rapidly  fatal  disease  in  these  animals  and  the  trypanosomes  animals- 
are  found  in  larger  numbers  in  the  peripheral  blood.  Certain  of  the 
short  broad  trypanosomes  in  the  blood  of  laboratory  animals  infected 
with  T.  rhodesiense  exhibit  a  morphological  peculiarity,  the  nucleus 
being  displaced  posteriorly  (see  Fig.  13,  e)  and  in  extreme  cases  lying 
actually  between  the  kinetoplast  and  the  posterior  extremity  of  the 
body.  Such  forms  are  termed  posterior-nuclear  forms:  they  are  believed 
to  be  due  to  irregular  division,  and  although  they  are  common  in 
rhodesiense  infections  of  laboratory  animals,  sometimes  constituting 
5  per  cent  or  more  of  the  total  short  forms,  they  have  very  rarely  been 
seen  in  gambiense  infections. 


Morphology 


'iv.  - 


(2) — ^Vectors 

Although  it  has  been  proved  experimentally  that  many  of  the  tsetse  Tsetse  flies 
flies  are  capable  of  transmitting  both  T.  gambiense  and  T.  rhodesiense, 

nevertheless  in  nature  ,, 

Glossina  palpalis,  and  ^ 

to  a  less  extent  G. 
tachinoides,  are  chiefly 
responsible  for  the  dis¬ 
semination  of  r.  gam¬ 
biense,  and  G.  morsitans 
and  G.  swynnertoni  for 
that  of  T.  rhodesiense, 

Glossina  are  narrow¬ 
bodied  and  elongate, 
dark  brown,  blackish, 
yellowish  -  brown,  or 
yellow  flies  ranging  in 
size  from  about  8  mm. 
to  13  mm.  according 
to  the  species.  They  are 
recognizable  when 
alive  and  at  rest  by 
their  wings  being  closed 
fiat  one  over  the  other 
like  the  blades  of  a 
pair  of  scissors,  and 

pro^ctinrhorizontally  iu  front  of  the  head  (see  Fig.  14).  Both  sexes 

are  blood-suckers  and  feed  during  the  daytime. 

The  female  gives  birth  to  a  single  larva  at  intervals  of  several  days.  Life  history 
The  larva  is  a  creamy-white  or  pale  yellow  footless  maggot,  nearly  as 
larae  as  the  abdomen  of  the  mother,  with  a  pair  of  intensely  black  shin¬ 
ing^  protuberances  at  the  posterior  end,  separated  by  a  depression 


Fig.  U.— Glossina  morsitans,  dorsal  view:  x  44  approx. 
(This  and  Fig.  15  from  Guide  to  the  Study  of  Tsetse- 
Flies  by  R.  Newstead) 
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containing  the  respiratory  apertures.  The  larvae  immediately  after  birth 
crawl  to  a  place  of  concealment  and  quickly  pupate.  Tsetse  fly  pupae 
are  dark  brown,  and  the  tumid  lips  seen  in  the  larva  are  equally 
conspicuous  in  the  pupa  (see  Fig.  15).  The  pupa  hatches  within  three 
to  five  weeks  according  to  the  climatic  conditions,  and  the  adult  fly 
emerges. 

Geographical  For  all  practical  purposes  the  geographical  distribution  of  Glossina  is 
distribution  confined  to  the  tropical  and  subtropical  portions  of  the  African  contin¬ 
ent.  Within  this  area  tsetse  flies  are  not  found  continuously  but  are 
Habitats  restricted  to  ‘belts’  or  ‘patches’  of  forest  and  bush.  The  various  species 

differ  in  their  habitats:  Glossina  palpalis  and 
G.  tachinoides  are  never  found  far  from  water- 


Fig.  15.— Pupa  of  Glossina 
morsitans:  x 


courses,  whereas  G,  morsitans  and  G.  swynner- 
toni  are  widely  distributed  independently  of 
water. 

(3)— Trypanosoimal  Cycle  in  Tsetse  Fly 
Glossina  owes  its  iinportance  in  the  dis¬ 
semination  of  sleeping  sickness  to  the  fact 
that  the  trypanosomes  undergo  a  definite 
and  complicated  biological  development  in 
its  digestive  system,  the  anatomy  of  which 
is  shown  in  Fig.  16.  It  has  been  shown  that  a 
tsetse  fly  can  transmit  the  infection  mechani¬ 
cally  when  it  is  removed  from  an  infected 
animal  before  it  has  completed  its  meal  and 
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in  gut 
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space 


transferred  immediately  to  a  healthy  animal,  but  there  is  little  doubt 
that  transmission  of  the  infection  from  man  to  man  by  this  method  of 
interrupted  feeding  is  exceptional  in  nature.  When,  however,  such  flies 
are  subsequently  fed  on  a  succession  of  healthy  animals,  they  do  not 
transmit  the  infection  until  after  the  lapse  of  a  period  which  varies 
with  the  temperature,  and  possibly  with  other  conditions  not  yet  under¬ 
stood,  and  which  is  usually  from  about  ten  to  twenty-five  days.  During 
this  latent  period  the  trypanosomes  are  undergoing  their  biological  cycle 
of  development  in  the  fly,  the  main  features  of  which  are  as  follows. 

In  the  infecting  meal  the  trypanosomes  are  carried  with  the  blood 
into  the  intestine  of  the  fly.  Here  they  multiply  and  change  morpho¬ 
logically,  becoming  large  and  broad  (see  Fig.  17,  a),  and  lose  their 
capacity  for  infecting  the  vertebrate  host.  Within  a  few  days  they  pass 
round  the  posterior  end  of  the  peritrophic  membrane  to  reach  the 
extra-peritrophic  space  situated  between  the  membrane  and  the  epi¬ 
thelial  cells  lining  the  intestine.  The  peritrophic  membrane  is  a  delicate 
sleeve-like  membrane  which  is  secreted  by  certain  large  cells  in  the 
proventriculus  and  extends  down  the  intestine  about  as  far  as  the  entry 
of  the  Malpighian  tubes;  it  thus  separates  the  epithelial  cells  of  the 
intestine  from  the  intestinal  contents  (see  Fig.  16,  B).  In  the  extra- 
peritrophic  space  the  trypanosomes  multiply  enormously  and  undergo 
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further  changes  in  morphology.  About  the  tenth  day  the  swarm  of 
trypanosomes  has  extended  anteriorly  along  the  extra-peritrophic  space 
and  reached  the  level  of  the  proventriculus.  They  then  escape  from  the 
extra-peritrophic  space  at  the  place  where  the  membrane  is  formed  and 
reach  the  lumen  of  the  proventriculus.  The  trypanosomes  found  m  the 


lb.  hp  I 


h.  int. 


Fig  16 -Diagrammatic  representation  of:  A,  internal  anatomy  of  Glossma- 
transverse  section  of  mid-intestine,  showing  trypanosomes  between  Pentropluc 
membrane  and  epithelial  cells  lining  intestine;  C,  transverse  section  of  infected 
salivary  gland;  D,  transverse  section  through  proboscis;  and  E,  longitudinal  view 
of  protoscis.  ck,  crop;/,  ch.,  food  channel;  h.  int.,  hind  intestine;  ftp.,  hypopharynx; 
la  ^labium;  lb.,  labrum-epipharynx;  malp.  t.,  Malpighian  tubes;  mid.  int.,  voiA 
intestine;  peritr.  mem.,  peritrophic  membrane;  prow,  proventnculus;  sal  d.,  salivary 
duct;  sal  gl,  salivary  gland;  tryps.,  trypanosomes 

proventriculus  are  very  long  and  slender  and  characteristic  (see  Fip 
Mb)  The  parasites  maintain  themselves  in  the  proventriculus  partly 
by  multipUcation  of  the  long  slender  forms  and  partly  by  continual 
replenishment  from  the  trypanosomes  multiplying  in  the  extra-peri¬ 
trophic  space.  The  infection  spreads  forward  from  the  proventriculus 
up  the  oesophagus  along  the  labial  cavity  in  the  proboscis,  back  into 
the  hypopharynx,  and  so  into  the  ducts  of  the  salivary  glands  and  ^ 
finally  into  the  glands.  When  the  long  slender  trypanosomes  of  the  Ins^ary 
proventricular  type  reach  the  salivary  secretion  they  change  into 
crithidia  and  then,  after  active  multiplication,  into  trypanosomes  closely 
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resembling  those  found  in  the  blood  of  man  (see  Fig.  17,  c  and  d). 
These  last  forms,  which  are  known  as  metacyclic  trypanosomes,  are 
capable  of  infecting  the  vertebrate  host  and  represent  the  completion 

of  the  developmental  cycle  in  the 


Fig.  17. — ^Developmental  forms  of 
T.  gamble nse  or  T.  rhodesiense, 
{a)  gut  form;  (b)  proventriculus 
form;  (c)  crithidial  form  from 
salivary  glands;  {d)  metacyclic 
form  from  salivary  glands,  x  1300 


tsetse. 

In  comparatively  few  of  the  tsetse 
flies  which  feed  on  an  infected  man 
or  animal  do  the  trypanosomes  succeed 
in  completing  their  complicated  evolu¬ 
tion.  The  factors  determining  the  pro¬ 
portion  of  flies  which  become  infective  ^ 
are  as  yet  obscure.  Climatic  condi¬ 
tions,  especially  temperature,  exert  an 
important  influence.  As  long  ago  as 
1912,  Kinghorn  and  Yorke  showed 
that  relatively  high  temperatures  (75°- 
85°  F.)  were  necessary  for  the  com¬ 
pletion  of  the  developmental  cycle  of 
T.  rhodesiense  in  G,  morsitans.  It  is 
known  that  trypanosomes  in  the  blood 


of  some  patients  and  of  some  animals  are  much  more  capable  of  de¬ 
veloping  in  the  tsetse  than  are  those  in  other  patients  or  other  animals. 
Furthermore,  it  has  been  established  by  Yan  Hoof,  Henrard,  and  Peel 
(1937)  that  newly  hatched  flies  which  make  their  first  meal  on  an 
infected  man  or  animal  are  more  likely  to  become  infected  than  are 


those  which  have  one  or  more  feeds  on  a  normal  animal  before  the 
infecting  meal.  Flies  in  which  the  trypanosomes  have  completed  their 
developmental  cycle  remain  infective  indefinitely. 


3  “GEOGRAPHICAL  DISTRIBUTION 

Sleeping  sickness  is  widely  distributed  in  tropical  Africa  between 
Tgamhiense  latitudes  15°  N.  and  20°  S,  Broadly  speaking,  the  form  of  sleeping 
sickness  due  to  Trypanosoma  gambiense  is  found  in  West  and  Equatorial 
Africa  and  does  not  extend  eastwards  beyond  the  littorals  of  the  great 
lakes.  Cases  have  been  found  as  far  north  as  Senegal  and  the  Anglo- 
Egyptian  Sudan,  and  as  far  south  as  Angola  and  Bechuanaland.  In 
many  parts  of  this  vast  area  the  disease  is  either  absent  or  only  mildly 
endemic  but  in  other  places  it  occurs  in  great  epidemics.  The  most 
High  ^  severely  affected  zones  are  found  in  the  basins  of  the  great  rivers  and 
dver^mlleys  tributaries,  namely  the  Gambia  river,  the  Volta,  the  Niger,  and 

above  all  the  Congo.  This  is  because  the  chief  vector  of  gambiense 
sleeping  sickness  is  Glossina  palpalis  which  is  strictly  limited  in  its 
distribution  to  water-courses  and  is  never  found  far  from  the  banks  of 
rivers  or  the  shores  of  lakes. 

T.  rhodesiense  The  form  due  to  Trypanosoma  rhodesiense  occurs  chiefly  in  south-east 
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Central  Africa,  i.e.  in  Northern  Rhodesia,  Nyasaland,  Tanganyika, 
and  Portuguese  East  Africa.  In  most  of  these  countries  the  disease 
occurs  sporadically  and  not  in  epidemic  form,  but  epidemic^  foci  exist 
in  Tanganyika.  The  chief  vectors  of  this  form  of  the  disease  are 
G.  morsitans  and  G.  swynnertoni  which,  unlike  G.  palpalis,  are  not  linaited 

in  their  distribution  to  water-courses.  _  ,  ,  ,  ^ 

In  1936  Deutschman  stated  that  in  the  African  territories  situated  ^^berof 
between  the  tropics,  the  total  population  of  which  may  be  estimated 
at  65  millions,  nearly  7  millions  were  examined  for  sleeping  sickness 
in  the  course  of  a  year  (1934-35),  and  140,000  fresh  cases  of  the 
disease  were  discovered  and  treated,  besides,  a  similar  number  of  old 
cases. 


4.-MORBID  ANATOMY 

(l)_Morbid  Changes  in  Tissues 

In  many  patients  the  trypanosomes  multiplying  in  the  skin  at  the  site  Skin  lesion 

of  the  infective  bite  produce  an  indurated  inflammatory  lesion  which 

subsides  without  suppuration.  Within  a  very  short  period  the  trypano- 

somes  invade  the  blood-stream,  where  they  multiply  and  give  rise  to 

a  general  septicaemia.  Although  there  is  good  reason  to  believe  that 

many  of  the  organs  of  the  body,  such  as  the  liver,  spleen,  kidneys,  heart 

muscle,  the  minute  blood-vessels,  and  haemopoietic  tissue,  are  damaged 

bv  the  toxins  secreted  by  the  trypanosomes,  the  chief  reactions  are  seen 

in  the  lymphatic  glands  and  in  the  leptomeninges.  There  is  a  general  Lymph  glands 

adenitis,  the  lymphatic  glands  becoming  enlarged  and  elastic.  In  section 

they  show  a  hyperplasia  of  the  follicles  and  a  multiplication  of  the 

macrophages  in  the  sinuses,  and  around  the  vessels  is  an  infiltration 

of  leucocytes  and  plasma  cells. '  Later  the  glands  become  sclerosed,  the 

follicles  and  glandular  tissue  being  replaced  by  fibrous  tissue. 

The  most  important  changes  in  sleeping  sickness  occur  in  the  pia- 
arachnoid.  The  minute  blood-vessels  in  the  meninges,  in  the  choroid 
plexuses,  and  in  the  brain  substance  are  damaged  by  the  trypanosomes, 
which  eventually  pass  through  the  altered  endotheUum  into  the  peri¬ 
vascular  spaces  and  give  rise  to  a  leptomeningitis.  This  mflammation 
of  the  leptomeninges  is  precocious  and  progressive  and  is  responsible 
for  the  characteristic  clinical  manifestations  of  the  disease. 

At  necropsy  the  dura  mater,  in  advanced  cases,  is  adherent  to  the 
cranium  and  to  the  underlying  meninges.  On  incismg  the  dura  a  con¬ 
siderable  amount  of  clear  fluid  may  escape,  and  the  bram  appears 
oedematous  and  congested.  In  such  cases,  owing  to  the  intracranial 
pressure,  the  surface  of  the  brain  is  smooth;  the  sulci  tend  to  be 
obliterated  but  the  convolutions  are  broad  and  of  normal  sme.  In  less 
pronounced  cases  there  is  little  excess  of  fluid  and  the  surface  of  the 
brain  appears  normal.  The  meningitis  is  predominantly  vertical  and 
according  to  Calwell  rarely  extends  more  than  half-way  down  the 
sides  of  the  cerebral  hemispheres.  Meningeal  adhesions  at  the  base  of 
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the  brain  are  rare.  There  is  a  diffuse  ge:neralized  leptomeningitis,  which 
is  just  as  marked  on  the  inner  surface  of  the  hemispheres  as  on  their 
lateral  aspects.  The  brain  is  of  normal  consistence,  but  here  and.  there 
it  may  exhibit  softenings  at  the  sites  of  haemorrhagic  foci.  The  ventricles 
are  often  distended,  and  the  choroid  plexuses  show  signs  of  chronic 
inflammation. 

On  microscopic  examination  the  generalized  leptomeningitis  is  mani¬ 
fested  not  only  by  a  proliferation  of  the  neuroglia  cells  in  the  adjacent 
nervous  substance  but  also  by  a  proliferation  of  the  endothelial  cell 
nuclei  and  by  infiltration  of  the  pia-arachnoid  with  lymphocytes  and 
plasma  cells. 

A  striking  feature  of  sections  of  the  brain  is  a  universal  perivascular 
infiltration.  This  consists  of  a  proliferation  of  the  vascular  endothelium. 


Fig.  18.— Section  of  brain  showing  perivascular  infiltration  ( x  280), 
and  morular  cell  (  x  1300) 

and  packing  of  the  Virchow-Robin  space — the  continuation  of  the 
subarachnoid  space  formed  by  the  reflection  of  the  pia-mater  along 
each  blood-vessel  which  enters  the  nervous  tissue — with  proliferated 
and  enlarged  neuroglia  cells,  and  with  lymphocytes,  plasma  cells,  and 
morular  cells  (see  Fig.  18).  Morular  cells,  which  were  first  described  by 
Mott,  are  large  round  or  oval  cells  with  the  nucleus  staining  deeply 
blue  and  pushed  to  one  end  or  pole;  the  cytoplasm  contains  a  large 
number  of  clear  spherules  staining  with  eosin  and  giving  the  cell  a 
mulberry  appearance.  The  origin  of  these  peculiar  cells  is  still  uncertain; 
Mott,  who  found  them  also  in  infected  lymphatic  glands,  believed  that 
they  were  degenerate  plasma  cells.  Peruzzi  concluded  that,  although 
probably  they  had  a  multiple  origin,  the  neuroglia  was  their  most 
common  source.  Mackie  found  morular  cells  most  common  in  the 
cellular  exudate  of  the  pia-niater  and  Virchow-Robin  spaces;  but,  as 
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he  also  found  them  in  normal  intestinal  mucosa,  he  agreed  with  Mott 
that  their  origin  cannot  invariably  be  neuroglia  cells.  Bertrand,  Bablet, 
and  Sice  are  of  opinion  that  they  are  derived  exclusively  from  plasma- 
cytes. 

Chronic  inflammatory  change  in  the  central  nervous  system  is  mani-  Inflam^tory 
fested  by  proliferation  and  overgrowth  of  the  neuroglia  cells,  especially  ^ 
those  related  to  the  subarachnoid  and  perivascular  spaces.  The  lesions 
of  the  neural  elements  are,  as  a  rule,  slight  and  not  comparable  with 
those  seen  in  general  paralysis.  In  sleeping  sickness  the  morbid  change 
is  thus  primarily  interstitial,  with  some  secondary  parenchymatous 
atrophy. 

(2) — Changes  in  Cerebrospinal  Fluid 

During  the  course  of  sleeping  sickness  certain  very  characteristic 
changes  occur  in  the  cerebrospinal  fluid.  According  to  Sice,  the  alternat¬ 
ing  multiplication  of  trypanosomes  in  the  general  circulation,  and  their 
subsequent  destruction  during  the  trypanolytic  crises,  which  are  a 
constant  feature  of  the  evolution  of  the  disease,  occasion  vascular 
changes  which  are  particularly  manifest  in  the  region  of  the  terminal 
ramifications  of  the  blood-vessels.  The  choroidal  plexuses  of  the 
ventricles,  which  are  in  the  main  responsible  for  the  secretion  of  the 
cerebrospinal  fluid,  consist  essentially  of  numerous  large  convoluted 
capillaries  embedded  in  loose  connective-tissue  covered  by  a  layer  of 
specialized  epithelium,  and  appear  to  be  very  vulnerable.  These  plexuses, 
however,  are  not  the  only  source  of  cerebrospinal  fluid:  it  also  receives 
contributions  from  the  Virchow-Robin  spaces,  which  surround  the 
blood-vessels  nourishing  the  brain  substance  and  open  into  the  sub¬ 
arachnoid  space.  The  cerebrospinal  fluid  is  thus  formed  at  the  surface 
and  in  the  depth  of  the  brain  and  passes  from  one  part  to  another 
through  the  foramina  of  Magendie  and  Luschka  (see  Fig.  19).  Thus 
the  morbid  changes  which  occur  in  the  choroid  plexuses,  in  the  Virchow- 
Robin  spaces,  and  in  the  pia-arachnoid  are  manifested  by  the  changes 
in  the  cerebrospinal  fluid.  For  details  of  the  formation  and  circula¬ 
tion  of  the  cerebrospinal  fluid  see  Vol.  Ill,  p.  55. 

The  cerebrospinal  fluid  is  usually  clear;  exceptionally,  when  the 
cellular  reaction  is  very  great,  it  may  be  opalescent,  but  in  such  cases  ^  ^ 

it  is  well  to  consider  the  possibility  of  bacterial  infection.  Usually  the  Pressure 
pressure  is  slightly  raised,  30  to  35  cm.  of  water  in  the  sitting  position, 
but  sometimes  it  may  reach  as  much  as  100  cm.  of  water;  subnormal 
pressure  is  exceptional. 

An  increase  in  the  number  of  white  cells  is  the  earliest  change  seen. 

At  flrst  there  is  a  simple  increase  in  the  lymphocytes  which,  instead  of  ^ 
being  2  or  less  as  in  the  normal  state,  are  found  to  be  10  to  20  or  more 
per  c.mm.  As  the  disease  progresses  the  number  of  lymphocytes 
increases,  and  other  cells,  namely  plasma  cells,  morular  cells,  large 
mononuclear  cells,  and  occasional  eosinophil  cells,  indicative  of  more 
pronounced  changes,  appear,  so  that  in  advanced  cases  the  total  cells 
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in  the  cerebrospinal  fluid  may  number  several  hundreds  and  even 
Trypam^mes  thousands  per  cubic  millimetre.  Trypanosomes  are  often,  but  by  no 
in  spinal  means  invariably,  found  in  the  centrifugalized  deposit. 

■  I  Increase  in  the  total  protein  content  is  a  very  important  and  constant 
cSes  sign;  instead  of  the  normal  amount  of  about  0-2  gram  per  litre,  the 
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Fig.  19.— Diagram  showing  circulation  of  cerebrospinal  fluid 
(From  The  Diagnosis  of  Nervous  Diseases  by  Purves  Stewart) 

value  may  be  from  0*3  gram  up  to  1*0  gram  or  even  more.  Coincidently, 
with  increase  in  protein  there  is  a  fall  in  the  chloride  and  sugar  values. 
Colloidal  reactions,  particularly  the  modification  of  Lange,  have  been 
examined  repeatedlyin  human  trypanosomiasis  byLe  Dentu  and  Yaucel, 
and  by  Faiibairn,  and  others.  Fairbaim  tested  the  cerebrospinal  fluid 
of  a  number  of  rhodesiense  sleeping  sickness  patients  with  Lange’s 
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colloidal  gold  reaction  and  also  estimated  the  total  proteins  present.  He 
found  that  the  reaction  was  usually  of  the  ‘tabetic*  type,  the  intensity 
running  parallel  with  the  amount  of  protein  present;  when  the  reaction 
was  of  the  ‘general  paralysis’  type  it  had  a  grave  prognostic  significance. 

Fairbairn  considered  that  estimation  of  the  total  protein  is  the  best  Use  of  tests 
guide  to  prognosis;  it  is  also  the  best  evidence  in  deciding  when  a  ^np^^snosis 
patient  is  cured,  and  whether  the  case  is  one  of  relapse  or  reinfection. 

The  colloidal  gold  reaction  is  influenced  by  treatment  earlier  than  is 
the  amount  of  protein  and  is  consequently  not  so  useful  in  prognosis. 

The  first  change  produced  in  the  cerebrospinal  fluid  by  meningeal  Earliest 
inflammation  is,  then,  a  cellular  reaction.  The  number  of  lymphocytes 
and  mononuclear  cells  increases,  as  a  rule  slowly;  living  cells  indicate 
an  active  inflammatory  process,  but  the  appearance  of  dead  ceils 
suggests  old  chronic  lesions.  Broden  considered  that  the  presence  of 
vacuolated  cells  and  morular  cells  in  the  cerebrospinal  fluid  implied 
old-standing  and  grave  involvement  of  the  central  nervous  system. 

As  the  cellular  reaction  develops,  the  amount  of  protein  in  the  cerebro-  Later 
spinal  fluid  increases.  The  increase  is,  as  a  rule,  gradual  but  may  continue 
until  the  amount  reaches  1  gram  or  more  per  litre.  According  to  Sice 
this  is  a  certain  sign  of  inflammatory  changes,  not  only  in  the  meninges 
but  also  in  the  parenchyma.  In  some  cases  the  increase  of  protein  stops 
for  prolonged  periods,  and  this  seems  to  indicate  an  arrest  in  the 
evolution  of  the  disease.  In  short,  the  number  of  cells,  which  is  an 
indication  of  the  degree  of  meningeal  vascularity,  may  fluctuate  rapidly; 
but  the  excess  of  protein,  which  is  an  indication  of  profound  lesions 
involving  the  parenchyma,  varies  much  more  slowly:  it  often  falls  to  a 
level  of  about  0*4  gram  per  litre  and  remains  there  indefinitely. 

Usually,  when  the  patient  exhibits  definite  nervous  symptoms,  changes  Relation  of 
can  be  seen  in  the  cerebrospinal  fluid;  the  reverse,  however,  is  not  true,  cerebrospinal 
because  it  is  now  known  that  the  cerebrospinal  fluid  may  exhibit  fluid  to 
morbid  changes  in  cases  which  do  not  present  any  clinical  signs  of  ^ 
nervous  lesions.  For  example,  Bertrand,  in  601  lumbar  punctures  in 
sleeping  sickness  regions,  found  changes  in  the  spinal  fluid  in  34  per 
cent  of  the  infected  cases  which  showed  no  clinical  signs.  De  Marqueissac 
found  a  cellular  reaction  in  the  spinal  fluid  of  46*5  per  cent  of  patients 
who  were  clinically  in  good  general  condition,  and  somewhat  similar 
observations  have  been  made  by  other  investigators. 

In  human  trypanosomiasis  the  nervous  system  becomes  involved  much  Time  of 
earlier  in  the  disease  than  was  formerly  thought.  Among  Europeans, 
in  whom  the  approximate  date  of  infection  is  easier  to  ascertain  than  in  fluid 
in  African  patients,  Sice  discovered  morbid  changes  in  the  cerebro¬ 
spinal  fluid  of  three  cases  with  gambiense  sleeping  sickness  four,  eight, 
and  ten  months,  respectively,  after  infection;  and  Leger  recorded  early 
changes  in  the  cerebrospinal  fluid  of  three  Europeans  infected  in  the 
Ivory  Coast.  Buchanan  discovered  a  pronounced  cellular  reaction  in 
the  spinal  fluid  of  ten  patients  suffering  from  rhodesiense  sleeping  sick¬ 
ness  within  three  months  of  the  first  clinical  manifestations  of  the 
E.M.  VOL.  xn  ^ 
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disease.  Observations  by  Keevill  and.  by  Maclean  and  Fail  bairn  also 
indicate  that  in  rhodesiense  intections  the  cerebrospinal  fluid  may  exhibit 
changes  very  soon  after  a  person  becomes  infected. 


5 -CLINICAL  PICTURE  AND  COURSE 


Trypanosomal  It  has  recently  become  recognized  that  in  many  patients  the  first  sign 
chancre  disease  is  a  local  lesion  at  the  site  of  the  infective  bite.  This 

primary  lesion  is  a  fnruncle-like  swelling  of  the  skin,  'which  does  not 
produce  pus,  and  which  appears  within  a  few  days  ot  the  bite  of  an 
infected  Glossino,  In  well  marked  cases  the  trypanosomal  chancre,  as 
it  is  called,  consists  of  a  raised,  indurated,  button.-like  area,  daik  led 
or  violet-red  in  colour  and  measuring  up  to  3  or  4  cm,  or  even  more  in 
diameter.  The  surrounding  tissue  is  oedeinatoiis  and  the  lesion  is 
painful  and  very  sensitive  to  pressure;  it  may  persist  for  two  or  three 
weeks.  That  these  lesions  are  due  to  the  trypanosome,  and  not  to 
inflammation  resulting  from  the  bite  or  to  secondary  infection,  is 
proved  by  the  presence  of  large  numbers  of  trypanosomes  in  the  tissue 
fluid,  and  by  the  fact  that  the  lesion  is  quickly  cured  by  trypanocidal 
drugs.  Although  in  pronounced  cases  the  lesion  is  very  characteristic, 
in  many  cases  it  is  less  definite  and  forms  a  small  bluish-red,  induiated, 
slightly  raised  area,  which  can  be  distinguished  from  a  non-infective 
bite  because  it  is  harder,  more  sharply  demarcated,  and  persists  for 
some  days.  According  to  Graf  well  marked  trypanosomal  chancres 
are  always  associated  with  severe  general  syiiiptoms;  when  the  primary 
lesion  is  but  slightly  developed  the  general  symptoms  are  mild. 

Although  until  recently  this  trypanosomal  chancre  has  received  little 
attention,  during  the  last  few  years  it  has  been  reported  from  many 
quarters.  It  has  been  seen  both  in  T.  ^ambiense  and  T.  rhodesiense 
cases,  and  although  there  seems  no  doubt  that  it  may  be  absent  in  a 
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certain  proportion  of  cases  it  is  probably  exhibited  by  the  average 
European  case.  The  recognition  of  these  trypanosome  chancres  is 
important  from  the  point  of  view  of  early  diagnosis,  because  trypano¬ 
somes  can  be  found  in  them  in  considerable  numbers  some  days  before 
they  can  be  discovered  in  the  blood. 

Seven  to  fourteen  days  after  the  infective  bite  the  infection  manifests 
itself  suddenly  by  a  sharp  febrile  disturbance,  which  is  often  associated 
with  a  rigor.  The  temperature  rises  quickly  and  within  a  day  or  two 
may  reach  103°  or  104''  F.  At  this  time  trypanosomes  are  usually  present 
in  the  peripheral  blood  in  sufficient  numbers  to  he  discovered  by  micro¬ 
scopic  examination.  After  about  a  week  the  temperature  often  falls  to 
normalfor  a  fewdays  and  then  rises  again.  The  second  febrile  disturb¬ 
ance  is  usually  less  violent  than  the  first  and  of  shorter  duration.  This 
fever  of  invasion,  as  it  is  called,  is  characterized  by  violence,  tendency 
to  remit  and  to  recur,  and  gradual  subsidence. 

When  the  initial  acute  febrile  disturbance  is  over,  the  patient  passes 
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into  a  non-febrile  state  or,  more  commonly,  into  a  state  in  which  the  Non-febrUe 
morning  temperature  is  normal  and  the  evening  temperature  slightly 
raised  to  99°  or  99*5°  F.  At  irregular  periods  this  condition  of  com¬ 
parative  non-febrile  calm  is  interrupted  by  acute  exacerbations  of  fever 
lasting  a  few  days. 

Asthenia,,  which  is  so  characteristic  of  the  disease,  appears  early  and  Asthenia 
becomes  progressively  more  pronounced.  Headache,  at  first  transitory 
but  later  permanent,  is  constant.  The  patient  becomes  drowsy  during 
the  day  but  suffers  from 
insomnia  at  night.  Other 
important  early  signs  of 
the  disease  are  a  general¬ 
ized  adenitis,  tachycardia, 
erythematous  eruptions, 
and  localized  oedemas. 

Enlargement  of  the 
lymphatic  glands  is  one 
of  the  earliest  and  most 
characteristic  signs,  the 
importance  of  which  in 
diagnosis  was  emphasized 
in  1906  by  Dutton  and 
Todd.  The  hypertrophied 
glands  are  easily  felt;  they 
are  freely  movable  and 
are,  as  a  rule,  painless; 
they  are  elastic  and  semi- 
fluctuating,  giving  the  sen¬ 
sation  of  a  ripe  damson 
on  palpation.  In  this  stage 
the  glands  are  character¬ 
istic  of  the  disease,  and 
from  them  the  trypano¬ 
somes  can  be  readily 
obtained  on  puncture  (see 
p.  278).  Later  the  glands 
become  sclerosed  and  are 

hard  and  shotty.  Intermediate  stages  between  these  extremes  occur,  and 
sometimes  even  in  the  same  area  glands  in  all  stages  can  be  felt.  All 
groups  of  glands  are  involved,  but  those  in  the  neck  are  most  conveni¬ 
ently  examined.  The  condition  of  the  scalp  of  the  native  is,  however, 
a  common  cause  of  enlargement  of  the  cervical  lymphatic  glands,  but 
large,  elastic,  painless,  and  freely  movable  glands  of  the  kind  mentioned 
above  are  very  characteristic  and  merit  careful  examination  for  trypano¬ 
somes.  Other  groups  of  enlarged  glands,  which  can  easily  be  recognized 
clinically,  are  in  the  axillae,  in  the  inguinal  and  femoral  regions,  in  the 
popliteal  space,  and  in  the  epitrochlear  region.  There  is  no  doubt  that 
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Fig.  20. — Early  case  of  sleeping  sickness,  the  main 
symptoms  being  severe  and  contmued  headache 
and  inability  to  sleep  at  night.  (This  and  Fig.  21 
from  Reports  of  the  Trypanosomiasis  Expedition 
to  the  Congo,  1903-1904,  by  Dutton,  Todd,  and 
..Christy) 
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the  infection  causes  enlargement  of  the  liver  and  spleen  but,  as  sleepmg 
sickness  patients  have  so  often  suffered  from  malaria  and  other  tropical 
complaints,  little  importance  can  be  attached  to  this  as  a  clinical  sign 

of  trypanosomiasis.  ,  -  r.  • 

Tachycardia  is  very  constant  in  an  early  trypanosomal  infection.  Even 
in  the  apyrexial  periods  the  pulse-rate  is  usually  over  100  per  minute. 
The  arterial  blood-pressure  is  usually  low.  It  is  possible  that  these 
circulatory  phenomena  are  due  to  myocardial  changes  which  Peruzzi 
has  shown  to  be  so  common  in  monkeys  experimentally  infected. 
Erythematous  eruptions  may  appear  at  any  stage  ot^the  disease  but 
are  particularly  common  during  its  earlier  stages.  They  aie  usually 
most  prominent  on  the  trunk  but  may  extend  on  to  the  face  and  limbs 
and  are  much  more  easily  seen  on  the  light  skin  of  the  European  than 
on  the  black  skin  of  the  African.  Sometimes  they  assume  the  form  of 
large  irregular  patches  but  often  are  circinate.  Usually  they  are  transient 
but  they  may  persist  for  prolonged  periods.  When  the  rash  fades  it 
leaves  no  trace  and  its  disappearance  is  not  accompanied  by  desquama¬ 
tion.  ,-j  j 

Localized  transient  oedemas,  particularly  in  the  lower  eyelids  and 
ankles,  may  be  seen  as  early  as  the  first  few  weeks  of  the  disease. 
Albuminuria  is  not  constant  hut  is  found  in  many  cases,  not  only  at 
the  beginning  of  the  infection  but  throughout  its  whole  course.  Some 
patients  exhibit  quite  early  signs  of  gastro-intestinal  disturbances  with 
vomiting  and  diarrhoea  of  varying  intensity. 

As  the  disease  progresses  the  patient  becomes  more  and  more 
emaciated  and  asthenic,  the  slightest  effort  fatigues  him,  and  he  becomes 
apathetic.  He  is  drowsy  during  the  day-time  and  frequently  falls  asleep, 
but  insomnia  at  night  is  the  rule.  Neuralgic  pains,  muscular  cramps, 
and  rheumatic  pains  in  the  joints  are  common.  Many  patients  complain 
of  a  sense  of  tingling  in  the  face,  the  palms  of  the  hands,  the  fingers,  and 
the  soles  of  theVeet.  Hyperaesthesia  is  often  noticed  quite  early.  Deep 
pressure,  such  as  that  which  occurs  in  the  palm  of  the  hand  when  turning 
a  large  key  in  a  stiff  lock,  is  followed  after  a  short  interval  by  a  degree 
of  discomfort  amounting  to  actual  pain  (Kdrandels  sign).  Paresis  of 
one  or  more  muscular  groups,  particularly  of  the  facial  muscles,  is  not 
uncommon  in  the  early  stages.  Coincidently  with  these  symptoms 
psychical  disturbances  develop.  The  patient  becomes  irritable,  melan¬ 
cholic,  emotional,  or  depressed.  Memory  fails,  there  is  intellectual 


degeneration,  and  the  character  changes. 

Neivous signs  As  the  meningo-encephalitic  changes  progress  the  patients  may  exhibit 

in  later  stages  multitudinous  nervous  signs,  such  as  paresis  or  paralysis  of  various 
muscles  or  groups  of  muscles,  hemiplegia  or  paraplegia  with  incontin¬ 
ence,  incoordination  of  movement,  alterations  in  muscle  sense,  rigidities, 
various  contractures,  epileptiform  convulsions,  delirium,  severe  head¬ 
ache,  pronounced  somnolence,  and  profound  psychical  disturbances. 
Finally,  they  sink  into  a  state  of  coma,  and  death  results.  Although  no 
part  of  the  central  nervous  system  escapes,  different  portions  of  it 


S.KEY  1553]  CLINICAL  PICTURE  AND  COURSE  .  277 

seem  to  be  predominantly  involved  in  different  cases,  with  the  result 
that  clinically  a  whole  series  of  nervous  types  of  the  disease  have  been 
described,  such  as  medullary,  cerebellar,  cerebral,  and  psychical. 

With  the  development  of  nervous  manifestations  the  earlier  symptoms  Changes  in 
tend  to  become  modified.  The  fever  does  not  entirely  disappear  but  oiher  sysiems 
becomes  much  less  pronounced,  and  there  may  be  long  apyrexial 
periods  interrupted  now  and  again  by  rises  of  temperature  which  begin 
and  end  suddenly.  The  tachycardia  so  characteristic  of  the  early  stages 
often  becomes  less  pro¬ 
nounced,  but  the  cardiac 
manifestations,  e.g.  bruits, 
arrhythmia,  hypertrophy, 
or  dilatation,  develop  and 
are  possibly  related  to 
the  myocarditis  to  which 
reference  w^as  made  on 
page  276.  The  erythe¬ 
mas  may  sometimes  per¬ 
sist  until  the  later  stages 
of  the  disease.  Attacks 
of  diarrhoea  or  dysentery 
often  continue,  but  the 
appetite  remains  un¬ 
changed  until  the  final 
coma.  Albuminuria  asso¬ 
ciated  with  chronic  neph¬ 
ritis  may  persist.  The  liver 
and  spleen  may  remain 
enlarged  until  death  or 
may  return  to  their  normal 
size.  The  lymphatic  glands 
tend  to  become  atrophied 
and  sclerosed  but  some  of 
typical  character  may  be  found.  The  general  condition  rapidly  deterior¬ 
ates  and  the  emaciation  progresses  until  the  patient  is  reduced  to  skin 
and  bone. 

Although  impotence  develops  early  in  men,  menstruation,  as  a  rule.  Changes  in 
persists  unchanged  for  a  long  time  in  women.  Aubert  and  others, 
however,  have  drawn  attention  to  the  frequency  with  which  women  functions 
suffering  from  sleeping  sickness  abort  or  give  birth  prematurely  to  dead 
children. 

Ocular  troubles  are  not  uncommon  in  trypanosomiasis;  one  or  both  Visual 
eyes  may  be  involved.  Cyclitis,  interstitial  keratitis,  and  iritis,  which 
are  fairly  common  in  the  earlier  stages  of  the  disease,  are  due  to  the 
localization  of  trypanosomes  in  the  interstitial  spaces  of  the  parts 
involved;  the  conditions  are  as  a  rule  benign  and  disappear  rapidly. 

There  may  also  be  lesions  in  the  depth  of  the  eye  involving  the  retina 


Fig.  21. — Late  case  of  sleeping  sickness  with 
extreme  emaciation  and  somnolence 
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in  and  the  optic  nerve.  Two  kinds  of  lesion  may  be  exhibited  by  the  optic 

retina  and  nerve"  the  disk  may  be  oedeniatous  as  the  result  ot  meningeal  invasion 

optic  nerve  trypanosome  or  of  hypertension  of  the  cerebrospinal  fluid;  or 

there  may  be  signs  of  optic  atrophy  with  pallor  and  nanowing  of  the 
vessels  of  the  disk.  These  changes  may  occur  in  the  absence  of  any 
arsenical  treatment,  but  optic  atrophy  with  defective  vision  or  even 
complete  blindness  is  the  chief  danger  resulting  from  the  treatment  ot 
sleeping  sickness  by  the  aromatic  compounds  ot  aisenic. 

6.-PROGNOSIS 

This  varies  according  to  the  stage  of  the  disease  at  which  treatment  is 
begun.  If  the  diagnosis  is  made  early  the  outlook  with  proper  treatment 
is  remarkably  good  in  both  gamhiense  and  rhodesiense  infections.  Even 
well  advanced  cases  of  gambiense  infection  showing  pronounced  changes 
in  the  cerebrospinal  fluid  are  often  cured  by  adequate  treatment.  In 
advanced  cases  of  Wiodes/me  infections  the  prognosis  is  not  nearly  so 
hopeful. 

Gambiense  It  has  long  been  known  that  gambiense  infections  may  display  very 
infections  varying  degrees  of  virulence.  Occasionally  patients  harbour  the  trypano¬ 
somes  for  prolonged  periods  without  exhibiting  any  signs  of  the  disease; 
in  other  cases,  however,  the  disease  sets  in  suddenly  with  violent 
symptoms  and  runs  a  rapidly  fatal  course. 

Rhodesiense  As  a  general  rule,  the  disease  produced  by  T.  rhodesiense  is  more 
infections  violent  and  runs  a  more  rapidly  fatal  course  in  untreated  patients  than 
does  that  produced  by  T.  gambiense.  It  was  formerly  thought  that  these 
differences  were  sufficient  to  distinguish  the  two  infections  clinically, 
but  it  is  now  recognized  that  T.  rhodesiense  may  produce  a  very  chronic 
and  insidious  disease  and  that  T.  gambiense  may  produce  a  virulent  and 
rapidly  fatal  disease. 


7-DIAGNOSIS 
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The  diagnosis  of  trypanosomiasis  depends,  in  the  early  stages  at  least, 
upon  the  discovery  of  the  trypanosomes,  and  for  this  purpose  the 
following  procedures  should  be  adopted, 

(i)  If  the  patient  presents  a  lesion  resembling  a  trypanosomal  chancre, 
it  should  be  punctured  with  a  hypodermic  syringe  and  the  drop  of 
fluid  obtained  examined  microscopically,  either  in  a  cover-slip  prepara¬ 
tion  or  as  a  stained  smear.  As  trypanosomes  are  readily  found  in  con¬ 
siderable  numbers  this  is  a  valuable  method  of  making  a  very  early 
diagnosis,  (ii)  Blood  examination  can  he  carried  out  on  fresh  cover-slip 
preparations  or  on  stained  thin  or  thick  films,  (hi)  If  the  patient  exhibits 
typical  enlarged  semi-fluctuating  glands,  one  of  the  easiest  methods  ot 
discovering  the  trypanosomes  is  by  their  puncture.  The  minute  drop  of 
fluid  removed  by  means  of  a  hypodermic  syringe  is  examined  either 
as  a  fresh  cover-slip  preparation  or  as  a  stained  thick  or  thin  film. 
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As  the  result  of  careful  analysis  of  the  figures  obtained  from  the  various 
methods  of  blood  and  gland  juice  examination  among  6,273  patients 
with  puncturable  lymphatic  glands,  Raoult  concluded  that  examination 
of  thick  blood  films  gives  the  highest  proportion  of  positive  results 
and  examination  of  stained  gland-juice  films  the  next  highest.  If  both 
these  methods  give  negative  results  recourse  should  be  had  to  the 
following  method  of  triple  centrifugation  of  large  volumes  of  blood. 

(iv)  About  5  c.c.  of  blood  are  withdrawn  from  a  vein  into  1  c.c.  of  a  Triple 
1  per  cent  solution  of  sodium  citrate  and  centrifugalized  at  low  speed 
until  most  of  the  erythrocytes  are  thrown  down.  The  supernatant  fluid 

is  removed  and  again  centrifugalized  at  low  speed  until  the  remaining 
erythrocytes  and  most  of  the  leucocytes  are  deposited.  The  supernatant 
fluid  is  again  removed  and  centrifugalized  at  high  speed,  the  deposit 
being  examined  microscopically  for  trypanosomes,  in  fresh  preparations 
or  in  stained  films. 

(v)  In  old-standing  cases  of  sleeping  sickness,  in  which  trypanosomes  Lumbar 
are  often  difficult  to  discover  in  the  blood  and  the  lymphatic  glands 

are  sclerosed  and  atrophied,  lumbar  puncture  is  an  invaluable  aid  to 
diagnosis.  Although  trypanosomes  are  by  no  means  always  found  in 
the  centrifugalized  deposit  of  such  cases,  the  typical  morbid  changes 
shown  by  the  fluid  are  sufficient  to  warrant  a  diagnosis  in  a  suspected 
case  coming  from  an  endemic  region. 


8.-TREATMENT 

(1) — ^Prophylaxis 

This  resolves  itself  into  an  attempt  to  protect  human  beings  from  being 
bitten  by  infective  tsetse  flies.  Owing  to  the  wide-spread  distribution 
of  these  flies  and  to  the  fact  that  they  bite  by  day,  the  problem,  is  one 
of  extreme  difficulty.  The  only  satisfactory  manner  of  exterminating 
the  tsetse  in  an  area  is  by  clearing  the  bush  and  undergrowth  which 
harbour  the  fly.  In  G,  palpalis  country,  where  the  fly  is  confined  to  the 
banks  of  streams  and  the  shores  of  lakes,  local  clearings  are  made 
around  the  villages  and  at  the  sites  of  watering-places  and  fords.  In 
morsitans  country,  where  the  fly  is  widely  distributed  independently  of 
water,  the  problem  is  even  greater;  clearings  are  made  around  villages 
and  on  each  side  of  the  roads.  During  the  last  ten  years  more  ambitious 
attempts  have  been  made,  particularly  in  Tanganyika,  to  exterminate 
tsetse  from  relatively  large  areas  of  country  by  systematic  clearing 
combined  with  organized  burning  of  grass.  Probably  the  most  hopeful 
line  lies  in  the  concentration  of  the  population  from  scattered  villages 
into  relatively  large  communities,  coupled  with  extensive  clearings 
around  these  settlements  and  along  the  main  routes. 

Another  method  by  which  the  problem  has  been  attacked  is  the  Destruction 
destruction,  so  far  as  possible,  of  the  reservoir  of  the  virus  from  which 
the  fly  becomes  infected.  This  method,  which  has  been  extensively  used 
in  the  French  and  Belgian  equatorial  colonies,  consisted  briefly  in  the 
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treatment  of  the  sick  by  itinerant  missions.  The  underlying  idea  was 
not  so  much  the  cure  of  the  patients  as  the  temporary  sterilization  of 
their  peripheral  blood,  thereby  rendering  them  non-infectiye  for  the 
tsetse  fly.  Enormous  numbers  of  infected  cases  have  received  these 
so-called  prophylactic  injections  of  atoxyl  (sodium  aminarsoiiate).  Such 
a  procedure,  involving  as  it  did  the  inadequate  treatment  of  almost 
countless  individuals  with  an  arsenical,  is  now  generally  recognized  to 
be  undesirable  as,  apart  altogether  from  its  very  doubtful  value  as  a 
prophylactic,  it  is  difficult  to  conceive  of  a  scheme  more  calculated  to 
produce  arsenic-resistant  strains  of  trypanosomes  (seep.  284).  Extensive 
treatment  of  the  infected  is  undoubtedly  a  most  important  prophylactic 
measure,  but  treatment  is  now  directed  towards  the  cure  of  patients 
instead  of  the  production  of  merely  temporary  peripheral  sterilization. 
The  significance  of  the  wild  fauna  of  tropical  Africa  as  an  important 
food  supply  of  tsetse  and  as  a  reservoir  of  the  pathogenic  trypanosomes 
of  man  and  stock  is  still  so  controversial  as  to  be  beyond  the  scope  of 
this  3.Ttlcl.0 

The  only  drug  known  to  have  any  real  prophylactic  action  is  germanin 
which  in  contrast  to  the  aromatic  arsenicals,  is  eliminated  very  slowly 
and  circulates  in  the  blood  for  prolonged  periods.  Duke  performed  a 
series  of  experiments  on  volunteers  and  reached  the  general  conclusion 
that  a  dose  of  2  grams  of  germanin  given  to  an  adult  may  be  expected 
to  confer  protection  against  either  T.  gambiense  or  T.  rhoclesiense  for  at 

least  three  months.  . 

In  1937  Orlovitch  described  the  result  of  a  large-scale  experiment  to 
ascertain  the  prophylactic  action  of  germanin.  The  experiment  was 
performed  in  a  district  in  the  Belgian  Congo  where  sleeping  sickness 
was  common  and  where  new  cases  were  constantly  occurring.  In 
January  1936  every  individual  in  this  district  was  given  a  dose  ot 
germanin  (1  gram  for  an  adult).  Three  months  later  the  population  was 
examined,  with  entirely  negative  results.  The  prophylactic  d^e  of 
germanin  was  again  administered,  and  after  another  three  inonths  the 
population  was  again  examined  with  negative  results,  and  a  third  dose 
of  germanin  given.  The  last  examination,  made  three  months  after  the 
third  dose  of  the  drug,  failed  to  reveal  a  single  case  of  infection. 
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(2) — Curative 

(a)  Chemotherapy 

The  history  of  the  treatment  of  sleeping  sickness  constitutes  one  of  die 
most  remarkable  chapters  of  modem  medicine.  What  was,  before  1905 
an  almost  invariably  fatal  disease  can  now,  if  recognized  early,  be  cured 
with  such  a  degree  of  certainty  that  various  medical  men  have  deliberately 
infected  themselves  and  other  volunteers  with  a  view  to  clearing  up 
obscure  points  in  the  epidemiology  of  tbe  disease. 

Up  to  the  beginning  of  the  present  centnry  tbe  only  drug  known  to 
have  any  beneficial  action  in  trypanosomiasis  of  man  and  stock  was 
sodium  arsenate.  The  benefits  derived  from  injection  of  this  substance 
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were,  however,  transient;  relapses  foliow^ed  quickly,  and  it  was  found 
impossible  to  increase  the  dose  sufficiently  to  exert  a  definite  effect  on 
the  infection  without  poisoning  the  host.  The  first  great  advance  in 
the  therapy  of  trypanosomiasis  wus  the  discovery  in  1905  by  Thomas,  Atoxyl 
at  the  Liverpool  School  of  Tropical  Medicine,  that  it  was  possible  to 
effect  permanent  cures  of  experimentally  infected  laboratory  animals 
with  atoxyl  (sodium  p-amino-phenylarsonate).  This  drug  was  immedi¬ 
ately  tried  with  striking  success  on  cases  of  human  sleeping  sickness, 
and  for  nearly  twenty  years  it  remained  the  chief  weapon  for  treatment. 

This  empirical  discovery  gave  a  great  impetus  to  chemotherapy,  and 
during  the  last  thirty  years  a  very  large  number  of  trypanocidal  sub¬ 
stances  have  been  produced.  Almost  all  of  these  have  been  organic 
compounds  of  arsenic  or  antimony,  but  one  of  them,  Bayer  '205’  or 
germanin,  is  a  complex  urea-substitution  compound  and  contains  no  Germanin 
heavy  metal.  Of  this  long  series  of  compounds  four  have  stood  the 
test  of  time,  and  it  is  on  them  that  reliance  is  placed  at  present  for  the 
treatment  of  the  disease.  These  are  the  aromatic  pentavalent  arsenical  Aromatic 
compounds,  atoxyl,  orsanine,  and  tryparsamide;  and  the  urea-substitu- 
tion  compound  germanin. 

Sodium  aminarsonate  (atoxyl,  soamin,  trypoxyl)  is  the  monosodium  Atoxyl 
salt  of  p-amino-phenylarsonic  acid.  This  drug,  wffiich  is  now  almost 
entirely  superseded  by  the  more  active  and  less  toxic  orsanine,  is  given, 
in  10  per  cent  solution  in  sterile  distilled  water,  either  subcutaneously, 
intramuscularly,  or  intravenously.  The  dose  is  10  to  15  mgm.  per 
kilogram  of  body  weight  (0*5  to  0*75  gram  for  an  adult),  and  the  injec¬ 
tions  are  given  once  weekly  for  about  six  to  twelve  weeks.  Although 
this  method  of  treatment  cured  large  numbers  of  early  cases  there  were 
many  relapses.  Increasing  the  dose  to  15  to  20  mgm.  per  kilogram  of 
body  weight  gave  a  larger  proportion  of  cures,  but  also  a  large  propor¬ 
tion  of  serious  disturbances  of  vision.  Atoxyl  proved  to  be  of  little  use 
in  cases  in  which  examination  of  the  cerebrospinal  fluid  revealed  morbid 
changes. 

Orsanine  (Fourneau  ‘270’)  is  the  monosodium  salt  of  4-acetylamiiio-  Orsanine 
2-hydroxyphenylarsonic  acid.  It  is  given,  in  20  per  cent  solution  in 
sterile  distilled  water,  either  subcutaneously,  intramuscularly,  or  intra¬ 
venously.  The  dose  is  20  to  35  mgm.  per  kilogram  of  body  weight  (up 
to  2  grams  for  an  adult),  and  the  injections  are  given  at  weekly  intervals 
for  ten  or  twelve  weeks.  As  already  mentioned,  orsanine  has  now 
largely  replaced  atoxyl  because  it  produces  more  rapid  peripheral 
sterilization,  is  followed  by  fewer  relapses,  and  is  less  toxic.  In  the 
meningo-encephalitic  stage  of  the  disease  it  is  of  very  limited  value. 

Tryparsamide  (tryponarsyl)  is  the  monosodium  salt  of  N-phenyl-  Tryparsamide 
glycineamide-p-arsonic  acid.  It  is  very  soluble  and  is  given  in  20  to  40 
per  cent  solution;  it  is  administered  intravenously,  and  solutions  should 
be  made  in  sterile  distilled  water  immediately  before  use.  It  is  usually 
given  in  doses  of  20  to  40  mgm.  per  kilogram  of  body  weight  (T5  to 
3  grams  for  an  adult);  the  doses  are  given  at  weekly  intervals  until  a 
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total  of  about  30  grams  has  been  administered,  after  which  the  drug 
should  be  stopped  for  a  period  of  a  month  or  so.  Chesteiman  used 
weekly  doses  as  large  as  4  grams  in  adults  with  changed  cerebrospinal 
fluid,  but  such  doses  must  be  given  with  great  caution  owing  to  the 
danger  of  visual  disturbance.  The  general  consensus  of  opinion  is  in 
favour  of  smaller  doses,  especially  at  the  beginning  of  treatment  of 
very  advanced  cases.  Although  tryparsamide  is  less  active  as  a  trypano¬ 
cidal  substance  than  orsanine,  it  has  the  great  advantage  of  acting  in 
the  later  stages  of  the  disease  when  the  meninges  are  involved. 

If  lumbar  puncture  shows  that  the  cerebrospinal  fluid  has  not  become 
normal  the  course  of  treatment  must  be  repeated.  The  condition  of  the 
cerebrospinal  fluid  is  the  essential  guide  to  treatment  in  the  later  stages 
of  sleeping  sickness,  and  it  is  not  justifiable  to  conclude  that  a  cure  has 
been  obtained  until  the  cerebrospinal  fluid  has  returned  to  normal  and 
has  remained  so  for  at  least  six  months. 

Gemanin  Germanin  (Bayer  ‘205’,  moranyl,  and  antrypol)  is  a  complex  urea- 
substitution  compound  not  containing  any  heavy  metal.  Geimanm  is 
a  slowly  acting,  but  exceedingly  valuable,  trypanocidal  substance.  The 
compound  is  usually  given  intravenously  in  10  per  cent  solution  in 
sterile  distilled  water.  The  customary  dose  is  about  1  gram  for  an  adult, 
but  doses  as  large  as  1-5  grams  or  even  2-0  grams  have  been  employed. 
The  doses  are  usually  repeated  at  intervals  of  two  or  three  days  until  a 
total  of  10  grams  has  been  administered. 

Response  of  Gambiense  and  rhodesiense  infections  differ  in  their  response  to  drugs. 
gambiense  Generally  speaking,  gambiense  infections  are  sensitive  to  the  aromatic 
Mesiense  arsenicals  and  to  germanin  whereas  rhodesiense  infections,  although 
infections  sensitive  to  germanin,  are  relatively  resistant  to  the  aromatic  arsenicals. 
Importance  Another  point  to  be  borne  in  mind  is  that  the  disease  is  much  more 
of  early  jts  early  stages  than  later  on  when  there  are  pronounced 

treatment  lesions.  In  fact,  before  the  advent  of  tryparsamide,  the  great 

majority  of  advanced  cases  ran  their  course  to  the  inevitable  termina¬ 
tion;  in  all  cases  exhibiting  morbid  changes  in  the  cerebrospinal  fluid 
tryparsamide  should  he  used. 

Rules  for  Bearing  these  facts  in  mind  it  is  possible  to  lay  down  the  following 
treatment  rules  for  treatment. 

Gambiense  Gambiense  infections:  early  cases  with  normal  cerebrospinal  fluid 
should  be  treated  with  orsanine  or  germanin;  later  cases  with  patho¬ 
logical  cerebrospinal  fluid  should,  after  a  few  preliminary  doses  with 
orsanine  or  germanin  to  produce  peripheral  sterilization,  be  treated 
with  tryparsamide. 

Rhodesiense  Rhodesiense  infections:  early  cases  should  be  treated  with  germanin. 

Owing  to  the  relative  resistance  of  these  infections  to  arsenicals  the 
treatment  of  later  cases  of  rhodesiense  infections,  with  pathological 
cerebrospinal  fluid,  is  much  less  satisfactory  than  is  the  treatment  of 
corresponding  cases  of  gambiense  infections.  The  best  results  are 
obtained  from  a  combined  treatment  with  germanin  and  tryparsamide. 
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(b)  Toxic  Effects  of  Arsenic  and  Germanin 
Both  the  pentavalent  aromatic  arsenicals  (atoxyl,  orsanine,  and 
tryparsamide)  and  germanin  may  produce  toxic  signs  and  consequently 
must  be  used  with  care.  Occasionally  the  aromatic  arsenicals  produce  Arsenicals 
gastro-intestinal  symptoms  with  vomiting  and  acute  diarrhoea,  but 
these  are  generally  transient  and  cease  when  the  drug  is  stopped.  Other 
rare  toxic  effects  are  disturbances  of  hepatic  function  and  dermatitis. 

The  most  serious  accident  resulting  from  the  arsenicals  is  damage  to 
the  optic  nerve.  Disturbance  of  vision  may  develop  gradually  or 
suddenly,  and  it  is  always  necessary  to  inquire  carefully  regarding  the 
sight  of  the  patient  when  administering  a  course  of  treatment  with  one 
of  the  arsenical  compounds.  The  first  signs  of  damage  to  the  optic 
nerve  are  dimness  in  acuity  and  narrowing  of  the  fields  of  vision; 
the  patient  may  also  complain  of  mists  and  sometimes  of  flickerings. 

Scotoma,  either  central  or  peripheral,  indicates  a  more  advanced  stage 
of  damage.  As  a  rule,  if  the  condition  is  recognized  early  and  the  drug 
immediately  stopped,  the  sight  is  restored,  but  the  damage  is  sometimes 
progressive  and  continues  until  the  sight  is  completely  lost.  In  the 
early  stages  the  ophthalmoscope  may  fail  to  reveal  any  change,  and 
it  is  only  after  the  sight  is  permanently  damaged,  or  completely 
destroyed,  that  the  appearances  of  optic  atrophy  are  seen.  The  precise  Factors^  ^ 
cause  of  this  catastrophe  is  still  obscure,  but  there  seems  no  doubt  ^optiTatfophy 
that  there  are  two  factors  at  work,  namely,  the  meningeal  lesions  pro¬ 
duced  by  the  disease,  and  the  drug.  Patients  with  considerable  meningeal 
involvement  are  more  likely  to  develop  disturbance  of  vision  when 
treated  by  an  arsenical  than  are  early  cases,  and  consequently  the 
greatest  care  is  necessary  when  treating  advanced  cases  of  the  disease. 

There  is  some  evidence  that  visual  disturbances  following  the  adminis-  Treatment  of 
tration  of  an  aromatic  arsenical  may  be  benefited  by  a  course  of  (Atrophy 
sodium  thiosulphate:  10  c.c.  of  a  20  per  cent  solution  given  intravenously 
on  alternate  days.  Remarkable  success  is  claimed  by  Raingeard  who 
treated  in  this  way  a  series  of  twenty-six  patients  with  recent  or  old- 
standing  ocular  troubles,  twelve  being  blind,  after  the  administration 
of  atoxyl  or  tryparsamide. 

The  most  common  and  serious  toxic  effect  of  germanin  is  damage  to  Germanin 
the  renal  epithelium.  A  considerable  proportion  of  patients  treated  with 
this  drug  develop  albuminuria  after  the  administration  of  a  number  of  damage 
doses.  As  a  rule  it  is  transient  and  is  not  accompanied  by  any  con¬ 
comitant  symptoms;  sometimes,  however,  the  condition  is  more  severe 
and  on  centrifugalizing  the  urine  there  may  be  a  deposit  containing 
red  cells  and  granular  casts.  Cessation  of  treatment  generally  causes 
these  signs  to  disappear  or  diminish,  but  they  may  reappear  when  the 
treatment  is  renewed.  Occasionally,  very  severe  renal  damage  occurs  Dermatitis 
with  uraemia,  anuria,  and  death.  A  very  much  rarer  toxic  effect  of 
germanin  is  dermatitis. 
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(c)  Drug-Resistance 

If  a  laboratory  animal  infected  with  trypanosomes  is  given  a  sub- 
curative  dose  of  atoxyl  the  trypanosomes  disappear  from  its  blood  for 
a  time  but  a  relapse  occurs;  if  another  similar  dose  of  the  drug  is  then 
eiven  the  trypanosomes  again  disappear,  but  return  after  a  shorter 
interval.  If  the  process  is  continued  a  state  is  eventually  reached  when 
even  the  largest  dose  of  the  drug  which  the  host  will  tolerate  fai  s  to 
exert  any  influence  on  the  infection,  because  the  trypanosomes  have 


become  atoxyl-resistant,  i  .  r*  u 

The  phenomenon  of  drug-resistance  has  been  the  subject  of  much 
work  since  1929  (Yorke  et  al,  1929-38).  It  is  now  known  that  a  strain 
of  trypanosomes  which  has  become  resistant  to  any  one  of  the  aromatic 
compounds  of  arsenic  is  also  resistant  to  all  the  other  common  y 
employed  aromatic  compounds  of  arsenic  or  antimony,  but  not  to 
germanin.  Resistance  to  the  aromatic  compounds  of  arsenic  is  readily 
acquired,  whereas  resistance  to  germanin  develops  very  slowly.  When 
once  a  strain  of  trypanosomes  has  been  made  resistant  to  atoxyl, 
orsanine  or  tryparsamide,  it  retains  its  resistance  indefinitely,  and 
there  is  no  known  way  of  destroying  the  resistance;  the  resistance  is 
not  lost  by  changing  the  species  of  host,  or  after  repeated  cyclical 


transmission  through  Glossina. 

To  what  extent  arsenic-resistance  results  from  treatment  of  human 
trypanosomiasis  is  at  present  unknown,  but  there  seems  no  reason  to 
doubt  that  inadequate  treatment  of  infected  human  beings  by  one  ot 
the  aromatic  arsenicals  may  well  result  in  the  production  of  an  arsenic- 
resistant  strain  of  trypanosomes.  As  resistant  strains  pass  unchange 
through  their  cyclical  evolutions  in  the  tsetse,  the  possibility  of  the 
dissemination  in  man  of  infections  which  cannot  be  cured  by  arsenicals 
must  be  borne  in  mind.  Recently  a  considerable  number  of  strains 
of  T.  gambiense  obtained  from  man  from  different  endemic  areas  in 
Africa  have  been  examined,  and  certain  of  them  have  been  found  to 
exhibit  considerable  degrees  of  resistance  to  tryparsamide. 

It  must  not,  however,  be  assumed  that  every  case  which  fails  to  be 
cured  by  an  adequate  course  of  an  arsenical  is  infected  with  a  resistant 
strain  of  parasites.  The  explanation  of  the  failure  to  cure  certain  of 
these  cases  appears  to  be  the  extensive  and  deep-seated  nature  oft  e 
infection.  Much  further  work  is  required  on  this  very  important  subject. 
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Reference  tnoy  also  be  made  to  articles  on  individual  organs  {e.g.  the 
kidneys)  and  to  the  following  titles: 


LUNG  DISEASES: 

TUBERCULOSIS 
LUPUS  VULGARIS 
MENINGITIS 
SILICOSIS 


SKTN  DISEASES: 

TUBERCULOSIS 
TROPICAL  DISEASES, 
GENERAL  SURVEY 
TUBERCULOSIS, 
GENERALIZED 


l.-AETIOLOGY  AND  BACTERIOLOGY 
(1) — ^The  Tubercle  Bacillus 

1554.]  This  bacterium  belongs  to  the  acid-fast  group,  Mycobacterium, 
which  retain  carbol  fuchsin  stain  after  treatment  with  acids  (Ziehl- 
Neelsen  method).  It  grows  slowly  at  body  temperature  on  complex 
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media,  usually  containing  egg  yolk,  but  it  does  not  multiply  at  room 
temperature  though  it  can  survive  in  dried  sputum  and  on  soil  and 
grass  for  months.  It  is  destroyed  by  pasteurization  (low  temperature, 
holding  process  at  65"  C.  for  thirty  minutes). 

Three  strains  infect  man,  namely,  avian,  bovine,  and  human.  The  avian  Strains 
strain  is  found  in  the  domestic  fowl  and  readily  infects  pigs  but  is  very  Avian 
rare  in  man.  The  bovine  strain  occurs  chiefly  in  dairy  cattle,  is  not  Bovine 
uncommon  in  pigs,  is  rare  in  sheep  and  goats,  and  readily  infects  man. 

The  human  strain  occurs  only  in  man.  In  countries  where  raw  milk  is  Human 
not  drunk  bovine  infection  is  rare  and  in  tropical  countries  it  is  very 
rare.  Native  cattle  are  not  immune  but  are  seldom  affected  unless 


European  stock  is  introduced. 

Statistics  collected  from  the  world’s  literature  by  Gervois  show  that  Incidence  of 
the  bovine  strain  has  been  found  in  man  in  the  following  percentages 
of  the  total  tuberculosis  investigated  in  different  countries:  Hungary'^ 

1*7,  Canada  2*0,  Japan  2*9,  Argentine  3*2,  Italy  3*5,  Poland  5*6,  Nor¬ 
way  6*5,  France  6*8,  Switzerland  7*7,  Holland  8*9,  England  10*4, 

Germany  10*8,  United  States  11*7,  Australia  12*1,  Denmark  13*9,  and 
Scotland  20*7.  The  English  figures,  analysed  by  Griffith,  show  that  the 
bovine  strain  was  found  in  50  per  cent  of  cervical  gland  tuberculosis, 

48*7  per  cent  of  lupus,  24*6  per  cent  of  meningeal  cases,  and  19*5  per 
cent  of  bone  and  joint  cases.  In  Scotland  these  figures  are  all  slightly 
higher.  In  pulmonary  tuberculosis,  bovine  strains  have  been  found  in 
England  to  be  from  0*52  to  1*6  per  cent  and  in  Scotland  4*6  to  8*5  per 
cent.  The  percentage  of  milk  samples  containing  tubercle  bacilli  varies  Incidence  of 
in  different  countries.  In  England  it  is  7*9,  in  Europe  generally  8*7,  Samples 
and  in  the  United  States  8*5  (Gervois).  For  abattoir  statistics  the  reader 
is  referred  to  Savage. 

By  frequent  subculture  strains  of  permanently  low  virulence  have 
been  obtained.  The  best  known  is  the  bovine  strain  Bacille  Calmette-  Baciik 

Guerin  (B.C.G.)  used  as  a  prophylactic  vaccine  of  living  organisms 


(see  p.  295). 

A  filter-passing  virus  produced  by  the  tubercle  bacillus  has  been  Filter-passing 
described,  but  the  proof  of  its  existence  rests  on  dubious  evidence. 


(2) — Channels  of  Infection 

Of  the  four  possible  channels,  namely,  respiratory  tract  (including 
conjunctiva  and  accessory  sinuses),  digestive  tract,  skin,  and  genito¬ 
urinary  tract,  the  first  two  only  are  important.  Genito-urinary  tuber¬ 
culosis  is  practically  always  blood-borne,  and  cutaneous  infection,  e.g. 
anatomist’s  wart,  is  rare;  the  portal  of  entry  in  lupus  is  still  obscure. 

Bacilli  reach  the  respiratory  tract  by  inhalation  of  dried  infected  dust  Respiratory 
and  droplets  of  saliva  and  sputum  expelled  by  coughing.  They  enter 
the  digestive  tract  by  uncooked  infected  food,  chiefly  raw  milk,  and  met 
the  use  of  infected  articles  such  as  crockery  and  table  utensils.  Fewer 
bacilli  are  required  to  infect  the  respiratory  than  the  digestive  tract. 

The  primary  focus  is  most  commonly  in  the  respiratory  tract  and 


primary 

focus 

Endogenous 

and 

exogenous 

reinfection 
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usually  occurs  in  childhood,  but  those  who  escape  infection  in  childhood 
H^vPlnn  a  orimary  infection  later,  usually  in  early  adult  life 
Adute  who  wore  i.fected  in  childhood  and  wore  tho^M 
io  too  rocovered  ma,  break  down  again  from  a  partially  healed 
smouldering  focus  (endogenous  reinrection)  or  from  a  supeimtKtion 
from  without  owing  to  low  resistance  (exogenous  reinfection);  but  these 
terms  are  not  very  satisfactory  because  usually  it  is  impossible  to 
determine  clinically  precisely  what  has  happened. 


Incidence  of 
infection 


Influence  of 
exposure 


Influence  of 
locality 


Influence  of 
milk 


Age 


Relative 
incidence  in 
age  groups 


2-EPIDEMIOLOGY 

The  large  maiority  of  the  inhabitants  of  civilized  countries  have  been 
infected^ with  the  tubercle  bacillus  by  the  time  they  reach  adult  years. 

A  recent  survey  of  a  large  group  of  London  children  (Dow  and  Lloyd) 
showed  that  the  Mantoux  test  is  positive  at  0  to  5  years  in  23  per  cent, 
at  5  to  10  years  in  39  per  cent,  and  at  10  to  15  years  in  58-3  per  cent 
tL  degrle  of  exposure  affects  the  incidence  of  infection  and  it  was 
found  thit  in  the  group  0  to  5  years  contacts  of  open  cases  of  pulmonary 
Lberculosis  were  infected  five  times  as  often  as  those  not  ««  e^ed^ 
The  incidence  of  infection  in  adults  varies  greatly  m  different  parts  of 
the  world;  in  isolated  rural  districts  less  than  half  the  Vop^Mion  may 
be  infected  whereas  in  large  towns  the  Ff 
until  recently,  almost  universal.  The  rapid  decline  m 
open  cases  of  tuberculosis  and  the  decrease  m  the  amount 
ized  milk  now  consumed  have  reduced  the  sources  of 
the  result  that  even  in  large  cities  an  increasing  proportion  of  y^ng 
adults  are  free  from  any  evidence  of  infection.  Although  an  essential 
preliminary,  the  incidence  of  tuberculous  infection  has  very  little  co 
nexion  with  that  of  tuberculous  disease. 

Age  has  great  influence  not  only  on  the  mortality  but  o'"  ^  ° 

disease  most  prevalent.  Very  high  death-rates 

in  young  children  hut  these  have  fallen  considerably.  In  YotL 
City  the  mortality  rate  from  tuberculosis  for 

fell  from  more  than  500  per  100,000  in  1900  to  50  in  (Di^olet).  Th 
lowest  death-rates  of  all  are  found  in  children  from  10  to  15  years 
of  age  although  this  is  an  age  at  which  there  is  a  rapidly  increasing 

amount  of  tuberculous  infection. 

In  children,  deaths  from  non-pulmonary  forms  of  tuberculosis  greatly 
outnumber  those  from  pulmonary  tuberculosis,  meningitis 
ticularly  common  in  young  children  within  a  few  months  of  exposure 
to  massive  infection.  Pulmonary  tuberculosis  continues  to  be  the  mos 
important  cause  of  death  between  the  ages  of  twenty  and  forty  three 
main  types  of  the  disease  have  been  recognized;  (i)  the  young  aduu 
type  which  is  less  common  where  there  is  much  childhood  tuberculosx 
and ’infected  milk;  this  is  a  relatively  acute  form  prevalent  mainly  m 
women  and  especially  in  rural  districts;  (ii)  a  middle-age  type,  which 
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is  closely  correlated  with  the  general  death-rate  and  therefore  dependent 
on  hygiene  (Brownlee);  and  (hi)  an  old-age  type. 

Social  conditions  play  a  very  important  part  in  the  incidence  of 
pulmonary  tuberculosis,  the  disease  being  much  commoner  in  over-  ” 
crowded  areas.  Nutrition  is  even  more  important,  as  has  been  shown 
by  the  fact  that  the  disease  has  been  seen  to  increase  when  a  slum 
clearance  scheme  resulted  in  higher  rents  and  therefore  less  money  for 
food.  Much  may  also  be  learned  from  the  study  of  mortality  according 
to  occupation,  that  of  unskilled  labourers  being  eight  times  as  high  as 
in  professions  giving  a  higher  standard  of  life,  e.g.  clergy,  doctors,  and 
lawyers.  The  Great  War  also  illustrated  the  influence  of  privation  on 
tuberculosis;  most  countries  showed  a  check  in  the  previously  rapid 
fall  in  the  mortality  rate,  and  those  in  which  food  shortage  was  severe, 
notably  Germany,  Austria,  and  Hungary,  showed  a  considerable 
increase  in  the  number  of  deaths  from  tuberculosis  both  during  and 
shortly  after  the  War. 

In  a  non-industrial  nation  in  which  pulmonary  tuberculosis  has  been  industrial  _ 
long  established  and  endemic,  the  maximal  incidence  is  late  in  life.  t‘^berculosis 
As  such  a  nation  becomes  industrialized  this  maximal  incidence  moves 
to  early  adult  life.  Males  are  more  affected  than  females.  When  the 
community  settles  down  to  the  new  conditions,  the  incidence  recedes 
again  to  the  later  years.  Industrial  areas  may  then,  owing  to  better 
organized  social  hygiene,  enjoy  a  lower  death-rate  than  rural.  In 
England,  three  groups  of  industries  show  a  high  tuberculosis  death-rate 
(Collis):  (i)  boot  operatives,  printers  (Hill),  and  tailors,  probably  as  the 
result  of  recruiting  from  less  robust  types;  (ii)  commercial  travellers, 
and  innkeepers  and  their  servants,  as  the  result  of  chronic  alcohohsm; 
and  (iii)  workers  exposed  to  dusts  containing  free  sihca,  SiOg,  or  certain 
silicates  such  as  asbestos  (see  Vol.  II,  p.  138).  The  incidence  in  coal 
miners  is  only  high  when  there  is  exposure  to  silica  (see  also  Silicosis, 

Vol.  XI,  p.  138). 

The  well  known  fact  that  often  several  members  of  one  family  die  Heredity 
from  pulmonary  tuberculosis  has  led  to  the  belief  that  it  is  a  hereditary 
disease,  the  tuberculous  diathesis  being  often  mentioned  in  the  literature 
of  a  generation  or  two  ago.  Although  the  present  tendency  is  to  regard 
infection  from  open  cases  in  the  family  as  more  important  than  Diathesis^ 
hereditary  disposition,  some  support  to  the  diathesis  hypothesis  has  hypothesis 
been  given  by  the  work  of  Kretschmer  who  found  that  short  thickset 
individuals,  his  pyknic  type,  were  less  likely  to  contract  tuberculosis 
and  more  likely  to  recover  from  it  than  his  other  two  types,  the 
athletic  and  asthenic.  (See  also  Heredity  and  Constitution,  Vol.  VI, 
p.  467.) 

Kretschmer’s  physical  types  were  found  to  show  well  marked  differ-  Mental 
ences  in  character,  a  thickset  body  tending  to  go  with  an  extrovert 
type  of  mind.  The  athletics  and  asthenics  were  more  likely  to  suffer 
from  schizophrenia  and  it  has  been  observed  independently  that 
sufferers  from  this  form  of  psychosis  often  die  of  tuberculosis.  The 
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large  number  of  men  and  women  of  genius  who  have  died  from  tuber¬ 
culosis  has  given  rise  to  the  opinion  that  the  toxins  of  the  disease  may 
stimulate  creative  effort.  It  seems  more  likely  that  the  mind  of  the 
genius  exhausts  his  body  and  reduces  its  resirtance  to  tuberculosis  as, 
in  the  majority  of  cases,  there  was  evidence  ol  genius  beloi  e  symptoms 
of  tuberculosis  became  apparent. 

Climatic  influences  are  difficult  to  disentangle  Iroiii  those  ol  lace  and 

hygiene,  but  there  is  reason  to  believe  that  tuberculosis  occurs  more 
readily  in  moist  warm  climates  than  in  cold  dry  ones.  This  is  clearly 
shown  in  India  where  desert  regions  show  a  low  mortality  fioni  pul¬ 
monary  tuberculosis  and  a  high  one  for  pneumonia,  the  reverse  being 
the  case  in  the  humid  coastal  area  near  Madras  (Rogers).  Tuherculosis 
is  also  rarer  in  high  Alpine  villages  than  in  low-lying  valleys,  and  rn 
England  more  common  where  there  is  exposure  to  the  rain-bearing 
south-west  wind  than  in  places  with  better  shelter  or  a  difterent  aspect. 
Damp  impervious  soil  may  also  play  a  part,  but  the  evidence  for  this 
is  inconclusive. 

Since  the  discovery  of  the  tubercle  bacillus,  the  iniportance  of  contact 

infection,  particularly  in  childhood,  has  largely  displaced  the  former 
hypothesis  of  hereditary  diathesis.  In  more  than  80  per  cent  of  infants 
dying  from  tuberculous  meningitis  the  source  of  infection  can  be 
traced  to  an  open  case  of  pulmonary  tuberculosis  in  the  family,  and  in 
many  families  in  which  there  are  several  cases  of  pulmonary  tuberculosis 
in  brothers  and  sisters  there  is  evidence  of  massive  childhood  infection 
(Opie  and  McPhedran).  The  study  of  latent  apical  tuberculosis  has 
shown  that  radiological  signs  of  tuberculosis  are  much  commoner  in 
those  exposed  to  infection  than  in  the  general  population  and  that  an 
appreciable  proportion  of  those  cases  proceed  to  the  stage  of  active 
pulmonary  tuberculosis  (Opie  and  McPhedran).  Prolonged  exposure 
to  infection  is  usually  required,  the  average  period  before  tuberculous 
glands  at  the  roots  of  the  lungs  become  evident  being  four  and  a  half 
■  years,  and  the  average  time  preceding  latent  apical  tuberculosis  nearly 
nine  years.  Although  children,  and  particularly  infants,  are  in  great 
danger  of  acquiring  an  acute  form  of  the  disease,  morbidity  by  no 
means  always  follows  infection  and  approximately  one-sixth  only  of 
the  children  becoming  tuberculin-positive  during  the  first  year  of  life 
die  from  the  disease.  Although  the  incidence  of  pulmonary  tuberculosis 
is  much  higher  in  some  families  than  in  others  it  has  been  found  that 
in  tuberculous  families,  particularly  when  the  mother  is  affected,  the 
prognosis  of  the  survivors  is  better  than  when  there  is  no  family  history 

(Ford).  ^ 

There  is  considerable  difference  of  opinion  as  to  the  risks  run  by  the 
unaffected  husband  or  wife  of  an  open  case.  Fishberg,  in  a  large  series 
of  cases,  found  no  evidence  of  any  increase  in  morbidity  above  the 
average.  Most  other  authorities  find  a  definite  increase  and  Opie  and 
McPhedran  in  their  study  of  latent  apical  tuberculosis  found  as  high 
a  proportion  as  ten  out  of  twenty-one  showing  evidence  of  pulmonary 
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infiltration.  Although  there  can  be  httle  doubt  that  conjugal  infection 

does  occur  it  does  not  appear  to  be  very  common. 

An  investigation  of  the  problem  of  the  contagion  of  pulmonary 
tuberculosis  to  doctors,  nurses,  and  domestic  staff  at  the  Brompton 
Hospital  for  Consumption  and  Diseases  of  the  Chest  between  the 
years  1846  and  1882  showed  no  evidence  of  increased  morbidity 
(Williams);  this  is  all  the  more  surprising  in  view  of  the  fact  that 
neither  ventilation  nor  disinfection  of  sputum  had  any  part  in  the 
treatment  of  the  disease  at  that  time.  Even  at  the  present  day  the 
medical  profession  has  a  particularly  low  mortality  from  tuberculosis, 
but  there  is  increasing  evidence  that  infection  of  nurses  and  medical 
students  occurs.  Much  light  has  been  thrown  on  this  apparent  dis- 
■  crepancy  by  Heimbeck  of  Oslo,  who  found  that  out  of  625  nurses 
Pirquet-positive  on  arrival  there  was  no  death  from  tuberculosis  and 
only  27  presented  any  signs  of  morbidity.  In  contrast  to  this  group, 
in  280  nurses  Pirquet-negative  on  arrival  there  were  10  deaths  from 
tuberculosis  and  96  showed  signs  of  activity.  The  comparative  morbidity 
rates  have  been  worked  out  as  follows: 

Pirquet  -f  on  arrival  at  hospital  8-5  per  1,000  observation  years 

Pirquet-  „  „  152*9  „  ,,  „ 

From  these  figures  it  may  be  concluded  that,  whereas  there  is  grave 
danger  of  previously  uninfected  nurses  contracting  tuberculosis  in 
hospital,  the  evidence  provided  by  this  investigation  does  not  suggest 
that  nurses  who  have  already  overcome  the  usual  childhood  infection 
are  any  more  likely  to  contract  the  disease  than  members  of  the  general 
population. 

The  study  of  the  mortality  rates  for  all  forms  of  tuberculosis  in  England  The  epidemic 
and  Wales  shows  an  almost  continuous  decline  from  over  350  per 
100,000  in  1861,  when  accurate  records  began,  to  69  per  100,000  in 
1936.  It  is  probable  that  this  mortality  rate  reached  its  peak  somewhere 
about  the  middle  of  the  19th  century.  Annual  returns  show  that  in 
Ireland  the  mortality  rate,  after  being  considerably  lower  than  the  rest 
of  the  British  Isles  during  the  greater  part  of  the  19th  century,  reached 
its  peak  in  1900  since  when  it  has  been  falling  rapidly.  In  certain 
countries,  e.g.  Porto  Rico,  the  wave  of  tuberculosis  is  still  rising.  In 
Sweden,  Neander  has  shown  that  in  the  early  years  of  the  19th  century 
deaths  from  tuberculosis  were  most  common  in  the  districts  near 
Stockholm  and  least  in  Norbotten  in  the  rural  north.  A  century  later 
the  position  was  reversed,  Norbotten  having  far  the  highest  rates  in 
the  whole  country.  The  most  probable  explanation  of  the  change  which 
has  taken  place  in  this  province  is  that  until  the  recent  improvement  in 
communication  there  was  so  little  intercourse  between  the  scattered 
villages  and  farms  that  there  was  very  little  contact  with  the  tubercle 
bacillus.  It  is  significant  that  bovine  tuberculosis  was  also  practically 
unknown  in  Norbotten  even  at  a  time  when  pulmonary  tuberculosis 
was  causing  a  high  mortality. 
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3.-IMMUNITY  AND  ALLERGY 


Immum-  Cummins  classified  mankind  into  three  immunological  groups:  (i) 
logical  groups  prij^itive  tribes  with  no  experience  of  tlie  disease  exhibiting  an  un¬ 
modified  or  ‘natural’  tuberculosis  (e.g.  Senegalese  troops  in  the  World 
War);  (ii)  European  races  well  salted  by  centuries  of  exposure  showing 
‘modified’  types  of  disease;  and  (iii)  stocks  with  an  intermediate 
immunological  experience  having  a  ‘larval’  form  (e.g.  native  workers 
in  South  African  mines).  The  disease  is  acute  and  rapidly  fatal  in  the 
first  group,  chronic  and  liable  to  heal  in  the  second,  and  less  chronic 
and  generally  progressive  in  the  third. 

Factors  Resistance  also  varies  in  tTrembers  of  the  same  racial  stock;  this 

governing  immunity  is  individual,  acquired,  and  non-transmissibie.  Examples  of 
resistance  ^  favourable  soil  for  the  bacillus  are  seen  in  alter-ed  metabolism,  e.g. 

diabetes  mellitus,  and  of  an  unfavourable  in  hyperaemia  and  congestion, 
e.g.  valvular  disease  of  the  heart.  The  chiel  factors  in  resistance  are 
anatomical  protection  of  a  portal  of  entry,  e.g.  turbinates;  cellular, 
e.g.  phagocytosis;  and  humoral,  e.g.  various  antibodies.  Possibly 
endocrine  secretions  and  enzymes  also  assist.  Little  is  known  of  the 


size  of  the  infecting  dose  of  bacilli;  it  is  assumed  that  small  doses  tend 
to  protect,  large  doses  to  produce  disease.  Considering  the  problem 
as  a  whole  the  invasion  of  a  community  by  tuberculosis  appears  to  be 
followed  by  a  very  high  death-rate,  particularly  among  young  adults, 
and  acute  and  generalized  forms  are  frequent.  Adults  who  have  over¬ 
come  a  primary  childhood  infection  will  still  be  susceptible.  The 
development  of  resistance  takes  several  generations,  during  which 
almost  the  whole  population  is  infected  with  the  tubercle  bacillus,  the 
more  acute  type  in  young  adults  giving  place  in  frequency  to  the 
pulmonary  tuberculosis  of  middle  age.  With  the  fall  in  the  number 
of  open  cases  infection  of  the  population  becomes  less  universal, 
and  those  not  infected  in  childhood  run  an  increased  chance  ot  con¬ 
tracting  pulmonary  tuberculosis  if  exposed  to  massive  doses  in  early 


adult  life. 

Allergy  Allergy  is  a  state  of  partial  immunity,  a  changed  reactivity  to  the 

tubercle  bacillus  and  its  toxins  as  a  result  of  previous  infection  with 
Hyper-  the  organism.  This  changed  reactivity  is  generally  a  hypersensitivity. 
sensitivity  experimental  animal  a  difference  can  be  recognized  between 

the  effects  of  primary  and  of  subsequent  infections.  Cummins  (1934) 
recognized  three  stages:  (i)  indifference,  immediately  following  infec¬ 
tion;  (ii)  intolerance,  brought  about  by  escape  of  toxins  from  a  primary 
focus  into  surrounding  tissue;  and  (iii)  tolerance,  in  the  late  stages. 
Rich  considered  that  allergy  was  neither  synonymous  with  nor  essential 
to  immunity.  In  the  fortuitous  infection  of  man  these  distinctions  are 
not  so  clear-cut  and  allergy  is  used  loosely  for  any  form  of  toxaemia 
Desensitiza-  occurring  after  the  time  of  primary  infection.  Desensitization  is  the 
diminution  of  hypersensitivity  by  clinical  means  such  as  the  injection 
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of  protein  (e.g.  tuberculin  shock).  It  is  usually  temporary  in  effect  and 
does  not  necessarily  prevent  the  disease  from  progressing. 


4 -MORBID  ANATOMY 

The  cardinal  signs  of  the  tuberculous  lesion  are  (i)  exudation  of  serous  Cardinal 
fluid,  usually  into  synovial  and  serous  spaces;  (ii)  infiltration  of  tissues 
with  discrete  tubercles;  (iii)  coalescence  of  these  into  caseous  masses; 

(iv)  liquefaction  of  caseous  areas  (cold  abscess);  (v)  fibrosis;  and  (vi) 
calcification. 

The  first  lesion  produced  by  the  bacillus  after  passing  the  portal  of  Ghon  focus 
entry  is  referred  to  as  the  primary  focus  (Ghon  focus,  prlmdr  Komplex). 

It  is  generally  found  in  the  lung  or  a  mesenteric  gland  but  may  occur 
anywhere.  Usually  it  is  a  small  nodule  about  the  size  of  a  pea  which 
heals  by  fibrosis  and  calcification  but  may  grow  and  form  satelEte 
lesions  by  lymphatic  spread.  From  any  of  these  lesions  further  extension  Extension 
may  follow:  (i)  along  an  open  channel,  e.g.  bronchogenic  spread;  (ii)  fiom^primary 
by  occasional  small  emboli  to  distant  organs,  e.g.  kidneys,  bones,  and  ^ 
joints;  or  (iii)  by  generalized  haemic  infection,  e.g.  tuberculous  bacil- 
laemia.  The  last  two  methods  are  characteristic  of  the  acute  lesions  of 
childhood.  The  lesion  of  progression  is  caseation,  the  lesion  of  retro¬ 
gression  is  fibrosis.  The  disease  may  progress  in  one  lesion  while 
retrogressing  in  another.  Secondary  infection  with  pyogenic  organisms 
resulting  in  true  suppuration  may  supervene  at  any  stage  and  is  fre¬ 
quently  followed  by  amyloid  degeneration.  The  survival  time  of  the 
bacilli  in  obsolescent  lesions  is  not  known  but  is  probably  years. 

The  picture  presented  at  necropsy  is  composite  with  almost  any  Necropsy 
combination  of  the  above  lesions.  Statistics  of  prevalence  of  tuberculosis 
in  necropsies  at  all  ages  are  mostly  old  and  unreliable.  At  Edinburgh 
Royal  Infirmary  (1926-7)  Todd  found  tuberculosis  in  69  per  cent  of 
the  necropsies  including  9  per  cent  with  active  lesions  (excluding 
deaths  from  tuberculosis). 

The  cellular  response  to  the  tubercle  bacillus  is  two-fold — phagocytic  Histology 
and  connective-tissue  producing.  The  unit  of  the  tuberculous  lesion  The  tubercle 
is  a  nodular  collection  of  macrophages  known  as  epithelioid  cells 
with  an  outer  rim  of  collagenous  fibrils.  In  this  nainimal  lesion  may  also 
be  found  a  giant  cell  near  the  centre,  a  few  tubercle  bacilli,  and  a  zone 
of  small  round  cells  outside  the  collagenous  fibrils.  This  unit  takes  about 
ten  days  to  develop.  It  may  then  gradually  heal  by  the  collagenous 
fibrils  replacing  the  phagocytes  until  it  becomes  a  fibrotic  nodule  or 
it  may  enlarge  until  it  is  visible  to  the  naked  eye  as  a  miliary  tubercle. 

In  the  process  of  growth,  surrounding  capillaries  are  compressed  and 
obliterated,  so  that  penetration  by  tissue  fluids  is  difficult:  this  is 
important  in  assessing  the  value  of  chemotherapy.  Caseation,  a  form  Caseation, 
of  cell  necrosis  resulting  in  an  accumulation  of  coagulated  proteins  and 
fats,  follows.  Liquefaction  is  due  to  the  action  of  an  autolytic  ferment  calcification 
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present  in  the  caseation.  All  caseation,  however,  does  not  liquefy, 
instead  it  may  be  gradually  replaced  by  the  depos.Uon  of  calc.um  salts 
and  growth  of  the  outer  connective-tissue  layer.  Tubeiculous  lesions 
are  essentially  the  same  in  histological  structure  wherever  they  are 
formed,  but  modifications  may  occur  as  an  adaptation  to  local  ciicum- 
stances,  as  in  the  eye  and  skin. 


5-PROGNOSIS 
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Leucocyte  counts  and  the  sedimentation  rate  are  employed  to  estimate 
activity  but  are  valueless  for  diagnosis.  The  following  are  the  usual 
methods;  (i)  correlation  of  the  ratio  of  polymorphonuclears  to  lympho¬ 
cytes,  and  lymphocytes  to  monocytes  in  the  differential  white  count. 
In  the  assessment  of  these  two  ratios  an  increase  in  the  monocytes  is 
regarded  as  indicating  tubercle  formation,  the  polymorphonuclears 
activity  (i.e.  caseation  and  liquefaction),  and  the  lymphocytes  quies¬ 
cence;  basophils  are  neglected  and  eosinophils  added  to  the  lympho¬ 
cytes  as  a  good  prognostic  sign;  this  poly-lymph-mono  ratio,  or 
P.L.M.  ratio,  is  expressed  as  P  +  M  -  2L;  (ii)  estimation  of  the  number 
of  lobes  in  the  nuclei  of  the  polymorphonuclear  cells  on  the  assuinp- 
tion  that  an  increase  of  cells  with  only  one  or  two  lobes,  ‘left  shift , 
indicates  cell  destruction  and  repair  and  therefore  activity;  von 
Bonsdorff’s  method  of  estimation,  now  generally  used,  consists  in  the 
enumeration  of  the  total  number  of  lobes  in  the  nuclei  of  100  con¬ 
secutive  polymorphonuclear  cells,  the  normal  being  regarded  as  ^75 
and  lower  numbers  suggesting  activity  (see  also  Vol.  II,  p.479);  (ui) 
Sedimentation  the  sedimentation  rate,  the  technique  and  interpretation  of  which  are 

rate  described  in  Vol.  II,  p.  491. 

Houghton  has  combined  the  results  of  the  three  tests  described  above 
in  a  formula  known  as  the  haemogram.  The  sedimentation  rate  and 
P.L.M.  ratio  are  added  together  as  evidence  against  the  patient  and 
this*  total  is  deducted  from  the  von  Bonsdorff  figure  as  evidence  in 
favour  of  the  patient:  V.B. -- [S.R. +  (P -H  M '-2L)]  =  Index.  This  index 
varies  from  a  maximum  of  300  in  the  best  cases  to  approximately  zero 
in  the  worst.  Any  figure  above  260  may  be  regarded  as  satisfactory. 
Patients  with  an  index  below  200  are  .regarded  as  bad  risks  from  the 
point  of  view  of  operation,  e.g.  thoracoplasty. 


Haemogram 


6 -DIAGNOSIS 

Detection  of  By  means  of  the  ZieW-TMeelsen  stain  tubercle  bacilli  may  be  found  in 
sections  of  tissue,  direct  films,  or  deposits  from  ceiitrifugalized  or 
^  sedimented  fluids;  and  ia  material,  such  as  sputum,  faeces,  or  blood, 

which  has  been  broken  down  by  digesting  fluids  so  that  the  bacilli  are 
concentrated  into  a  small  bulk.  In  cases  in  which  sputum  is  not  present 


296  tuberculosis  [vol.  xu 

milk  it  should  not  be  difficult  to  eradicate  this  disease  either  by 
pasteurization  or  by  the  use  of  milk  from  tuberculin-tested  herds.  For 
the  grading  of  milk  as  specified  in  the  Milk  (Special  Designations) 
Order,  1936,  see  Vol.  Vll,  p.  155.  The  adult  with  chronic  pulmonary 
tuberculosis’ is  the  main  source  from  which  the  human  bacillus  is 
spread  The  use  of  the  sputum  flask  or  of  paper  handkerchiefs  which 
ygiene  are  promptly  burned  and  the  holding  of  a  handkerchief  in  front  of  the 
mouth  during  coughing  or  sneezing  are  the  most  impoitant  hygienic 
measures  directed  towards  the  prevention  of  spread.  In  spite  of  these 
precautions  children  are  usually  infected  when  there  is  an  open  case 
in  the  house,  especially  where  cubic  capacity  and  ventilation  are  inade- 
;anatorimi  quate.  Sanatorium  treatment,  in  which  is  included  the  closure  of 
reatment  cavities  by  collapse  therapy  in  suitable  cases,  helps  considerably  in 
limiting  the  spread  of  infection  but  it  is  not  possible  to  keep  a  large 
proportion  of  cases  in  institutions  until  the  sputum  is  negative.  Some 
local  authorities  have  schemes  for  boarding  out  the  children  when  an 
open  case  returns  home. 

Maintenance  The  maintenance  of  the  general  health  is  of  particular  importance  in 
Y general  family  contacts  and  in  those  heavily  exposed  to  infection  in  the  course 

^ '  of  their  work,  e.g.  sanatorium  nurses.  The  provision  by  local  authorities 

of  extra  nourishment  to  tuberculous  patients  and  their  families  is  an 
attempt  to  break  the  vicious  circle  by  which  the  presence  of  pulmonary 
tuberculosis  in  the  bread-winner  so  often  reduces  the  money  available 
for  food  just  at  a  time  when  the  children  need  to  be  in  a  particularly 
good  state  of  resistance  to  infection.  In  spite  of  these  measures  poverty 
and  consequent  malnutrition  remain  potent  factors  in  favouring  the 

spread  of  tuberculosis.  .  . 

Early  Unsuspected  cases  are  a  great  source  of  danger  to  others  and  it  is 

diagnosis  regrettable  that  a  considerable  proportion  of  cases  when  first  diagnosed 
have  obviously  been  suffering  from  the  disease  for  a  long  time.  D  Arcy 
Radiological  Hart  has  called  attention  to  the  fact  that  radiological  signs  are  present 
signs  before  symptoms  have  appeared  and  that  it  is  therefore  useless  to 

expect  to  make  an  early  diagnosis  if  it  is  left  to  the  patient  to  request 
an  examination  when  he  feels  ill.  Serial  X-ray  examinations  of  the  whole 
population  are  obviously  impracticable,  at  any  rate  at  present,  but 
there  is  much  in  favour  of  periodic  radiological  examinations  of 
selected  groups  of  individuals  more  likely  than  the  average  to  contract 
tuberculosis.  Such  groups  would  include  contacts  of  open  cases,  young 
nurses,  medical  students,  and  diabetics. 
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l.-DEFINITION  AND  NOMENCLATURE 

1555.]  The  term  generalized  tuberculosis  implies  the  coexistence  of 
tuberculous  lesions  widely  disseminated  throughout  many  organs  in 
the  body.  Such  a  condition  is  common  in  some  animals  as  a  manifesta¬ 
tion  of  experimental  tuberculosis  and  also  occurs  in  the  natural  disease 
in  certain  species,  for  instance  the  pig  and  horse  (Cobbett).  In  man  it 
is  much  commoner  to  find  tuberculous  lesions  in  many  organs  at 
necropsy  than  to  be  able  to  demonstrate  or  infer  their  existence  during 
life.  Generalization  of  the  disease  in  such  cases  often  has  no  clinical 
importance.  Krause  regarded  it  as  not  uncommonly  benign,  though 
often  it  is  significant  of  an  acute  and  terminal  dissemination  of  the 
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organisms.  In  contrast  to  these  cases,  however,  there  are  others  in 
which  it  is  obvious  that  wide-spread  lesions  contribute  to  the  mani¬ 
festations  of  the  disease:  to  these  examples  the  term  generalized  tuber¬ 
culosis  applies  in  a  clinical  sense.  The  most  important  manifestations 
are  seen  during  childhood  when  death  from  tuberculosis  is  almost 
always  due  to  generalization  of  the  disease. 

There  is  still  great  confusion  in  the  literature  of  generalized  tuber-  Nomenclature 
culosis  upon  the  question  of  terminology.  The  terms  ‘generalized’  or 
‘disseminated’  are  in  commoner  use  now  than  formerly,  but  forms 
that  properly  should  be  classified  in  this  way  are  sometimes  described 
as  ‘haematogenous’  or  ‘miliary’,  as  though  all  these  terms  were 
synonymous.  The  term  ‘haematogenous’  has  the  disadvantage  that  it 
implies  a  knowledge  of  the  precise  mode  of  origin  of  the  lesions,  a 
knowledge  which  often  has  to  be  assumed  during  life  and  cannot 
always  be  established  at  necropsy.  It  is  incorrect  also  to  regard  all 
examples  of  generalized  disease  as  haematogenous;  some  of  them  owe 
their  origin  to  spread  by  lymphatics  and  may  remain  throughout 
confined  to  the  lymphatic  system.  Similarly,  miliary  tuberculosis  is  not 
synonymous  with  generalized  tuberculosis,  for  there  are  massive  as  well 
as  miliary  forms  of  the  latter.  Moreover,  miliary  tuberculosis,  particu¬ 
larly  the  chronic  forms,  is  not  always  a  generalized  disease. 


2.-TIME  AND  METHOD  OF  GENERALIZATION 

Ranke  distinguished  three  successive  stages  in  the  course  of  human  Cenemlm- 
tuberculosis.  Primary  infection  initiates  a  phase  in  which  the  disease  is  jg 

confined  to  lymphatics;  subsequent  activity  is  marked  by  a  striking  stages  of 

tendency  to  distribution  by  the  blood-stream;  finally,  if  there  is  survival, 

a  later  phase  ensues  in  which  focal  extension  of  one  or  more  of  the 
resulting  lesions  dominates  the  course.  Generalization  of  the  disease 
may  occur  at  any  time  in  this  cycle  but  is  commonest  during  the 
secondary  stage.  This  form  is  sometimes  described  as  ‘early’  generaliza¬ 
tion  and  includes  generalized  tuberculosis  with  a  distributmn  confined 
exclusively  to  the  lymphatic  system  and  also  those  forms  with  a  haemic 
distribution  occurring  especially  in  early  infancy  and  childhood. 
Generalized  tuberculosis  of  the  latter  type,  however,  also  occurs  as  an 
occasional  complication  of  the  tertiary  stage,  through  the  accidental 
involvement  of  the  blood-stream  by  a  focal  lesion  invading  an  artery 
or  vein— the  ‘late’  form  of  generalization.  Generalized  miliary  tuber¬ 
culosis  complicating  chronic  pulmonary  tuberculosis  is  an  instance. 

The  exact  character  no  less  than  the  actual  occurrence  of  a  generalized  Factors 
tuberculosis  depends  upon  many  factors  other  than  the  mode  of 
dissemination  of  the  organisms.  Some  organs,  for  example  the  stomach 
and  pancreas,  appear  to  be  relatively  immune  to  the  proliferation  of 
the  tubercle  bacillus  and  commonly  escape  any  material  involvement. 

The  number  of  organisms  disseminated  either  by  lymphatics  or  by  the 


[VOL.  XU 


300  TUBERCULOSIS,  GENERALIZED 

blood-stream  has  an  obvious  bearing  upon  the  outcome;  if  this  is  not 
overwhelming  in  the  first  instance,  the  frequency  of  repetition  also 
becomes  an  important  factor.  There  is  much  evidence  now  to  show 
that  recurrent  dissemination  of  organisms  occurs  by  way  of  the  blood¬ 
stream,  and  Schurmann  used  the  term  ‘protracted  progressive  dis¬ 
semination'  when  describing  its  efiects  in  the  tuberculous. 
denceof  In  children  Blacklock  found  that  generalized  miliary  tuberculosis  is 
-ralization  commonest  in  the  first  five  years  of  life  after  a  primary  thoracic 
hildren  to  human  tubercle  bacilli.  Three  examples  of  primary 

thoracic  lesions  due  to  bovine  bacilli  were  all  associated  with  generalized 
miliary  tuberculosis.  After  primary  abdominal  tuberculosis,  whether 
due  to  infection  with  human  or  bovine  strains,  generalization  is  com¬ 
moner  in  infants  up  to  two  years  than  in  older  children.  Wide-spread 
dissemination  of  the  disease  was  found  to  be  commoner  after  primary 
abdominal  lesions  due  to  human  strains  than  with  those  due  to  bovine 
strains,  though  the  latter  led  more  often  to  peritonitis  and  extensive 
involvement  of  lymphatic  glands.  Blacklock  showed  that  generalization 
is  commoner  after  infection  with  human  than  with  bovine  strains  of 
organism,  the  human  type  of  infection  apparently  being  more  virulent 
in  the  child  so  far  as  generalization  of  the  disease  is  concerned.  This 
tendency  to  generalization  is  most  marked  in  primary  thoracic  lesions 
due  to  the  human  type  of  bacillus  and  is  least  marked  in  primary 
abdominal  lesions  due  to  the  bovine  type  of  bacillus. 


3.-MILIARY  AND  MASSIVE  TYPES 

Two  forms  of  generalized  tuberculosis  can  be  distinguished:  (i)  in 
which  the  individual  lesions  are  composed  essentially  of  elementary 
tubercles  scattered  widely  and  often  symmetrically  throughout  many 
organs — generalized  miliary  tuberculosis;  and  (ii)  in  which  the  individual 
lesions  are  formed  by  the  massive  conglomeration  and  localized  exten¬ 
sion  of  a  limited  number  of  tubercles  occurring  in  several  or  even  many 
'eneralized  Organs;  this  may  he  designated  generalized  massive  tuberculosis.  Both 
nssive  miliary  and  massive  types  occur  as  acute  and  as  chronic  conditions. 
.ibercubiis  ^Qj-gover,  each  form  apparently  may  arise  by  lymphatic  or  haemic 

spread. 

icute  Acute  generalized  miliary  tuberculosis  is  by  far  the  commonest  form 

niliaryform  generalized  disease,  and  occurs  most  often  in  young  infants  or 

children  within  a  short  time  of  a  severe  primary  infection.  At  a  later 
age  it  occasionally  complicates  any  active  focal  tuberculosis.  An  older 
caseous  focus  is  always  present  and  there  are  many  studies,  dating 
from  that  of  Weigert  (1882),  in  which  the  point  of  invasion  of  the 
blood-stream  has  been  accurately  traced  from  a  caseating  focus,  often 
in  a  lymphatic  gland  or  the  thoracic  duct  (Longcope).  Generalized 
tuberculosis  with  massive  lesions  is  rare  except  in  infants  and  as  an 
expression  of  the  disease  in  negroes  and  other  primitive  races. 
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4.-MORBID  ANATOMY 

Miliary  type 

Miliary  tubercles  appear  as  innumerable  grey  semi-translucent  or 
yellowish  opaque  foci  scattered  uniformly  throughout  many  organs, 
particularly  the  lungs,  meninges,  spleen,  kidneys,  liver,  bone  marrow', 
and  the  serous  membranes.  Microscopically  they  show  a  typical 
structure  composed  of  giant  cells,  epithelioid  cells,  lymphocytes,  and 
as  a  rule  tubercle  bacilli.  Inflammatory  effusions  may  occur  in  any 
serous  sacs  involved  and  are  generally  not  purulent  though  they 
contain  an  excess  of  leucocytes  with  a  predominance  of  lymphocytes. 

Although  mihary  tuberculosis  is  usually  rapidly  fatal  it  may  run  a 
chronic  course,  or  even  heal.  Often  the  miliary  lesions  are  then  confined 
to  the  lungs,  though  in  some  instances  other  organs  are  affected.  In 
these  chronic  cases  the  mihary  foci  are  firm,  fibrous,  or  even  calcified, 
project  from  the  cut  surface  of  organs,  and  are  opaque  and  grey  or 
dull  white  in  colour.  Sometimes,  by  fusion,  they  become  individually 
bigger  than  usual,  the  'grossknotige  Miliartuberkulose'  of  German 
writers.  Alveolar  emphysema  around  the  lesions  is  common  and  may 
become  extreme,  leading  to  the  formation  of  numerous  small  superficial 
bullae  (Pagel). 

There  do  not  seem  to  be  any  recorded  examples  of  acute  generalized 
miliary  tuberculosis  of  entirely  lymphatic  distribution  (though  see  i-gstriaed  to 
Braunschweig,  1918).  But  a  very  rare  form  of  chronic  mihary  tuber- 
culosis  of  this  type  has  been  described  in  detail  by  Burnand,  Schurmann, 

Pagel,  and  Hoyle  and  Vaizey.  In  this  form  the  mihary  lesions  are 
confined  to  lymphatic  channels  and  lymphatic  glands,  producing 
a  wide-spread  network  of  fine  fibrous  tissue  in  addition  to  prous 
miliary  nodules  (‘hyperplastic  lymphangitis’  or  ‘lymphangitis  reticularis 
chronica’).  Within  the  thorax  the  lesions  involve  the  lymphatic  glands 
in  the  mediastinum  and  extend  into  the  lungs  along  the  lymphatic 
channels  in  the  sheath  of  connective  tissue  common  to  the  bronchi, 
bronchioles,  and  their  related  pulmonary  arteries,  reaching  the  finest 
ramifications  in  the  walls  of  the  alveolar  passages  and  infundibula. 

This  type  of  miliary  granulomatous  tuberculosis  can  only  be  separated 
with  certainty  from  the  haematogenous  type  by  microscopical  examina¬ 
tion,  which  shows  its  characteristic  distribution. 

Massive  type 

Generalized  tuberculosis  with  massive  lesions  affects  more  particularly 
the  lymphatic  system,  serous  sacs,  and  spleen.  In  its  extreme  forms  it  is 
a  definite  morbid  entity,  consisting  of  a  general  adenitis  with  or  without 
a  multiple  serositis,  and  also  scattered  lesions  varying  from  subnuliary 
tubercles  to  massive  caseous  areas  in  the  lungs,  spleen,  and  other 
viscera.  The  involvement  of  serous  membranes  leads  to  inflammatory  i^^ohement 
effusions  or  extensive  adhesions  in  both  pleural  cavities,  pericardium, 
or  peritoneum,  sometimes  concurrently  as  one  form  of  polyserositis. 
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The  spleen  is  commonly  enlarged  and  may  be  huge.  As  the  glandular 
involvement  includes  tracheobronchial  and  abdominal  lymphatic  glands 
as  well  as  superficial  groups,  various  secondary  effects  may  occur  trom 
mechanical  pressure  or  caseous  invasion  ol  adjacent  stiuctures.  Theie 
may  thus  appear  such  diverse  sequelae  as  bronchial  obstruction  with 
pulmonary  collapse,  chylothorax,  intestinal  obstruction,  or  elephantiasis 
of  the  leg.  Ulceration  of  caseous  mediastinal  glands  into  a  bronchus 
may  produce  in  turn  a  caseous  tuberculous  pneumonia.  Among  the 
<^ress  of  more  chronic  examples  tuberculous  iritis  is  common.  The  lesions  may 
remain  firm  caseous  foci  v/hich  in  time  become  obsolete  and  calcified, 
enclosed  in  a  tough  fibrous  capsule.  More  often  they  extend  and  soften 
and  may  then,  by  haemic  invasion,  produce  a  terminal  miliary  tuber¬ 
culosis  or  lead  to  some  other  complication,  such  as  paraplegia,  acute 
pneumonic  pulmonary  tuberculosis,  or  a  cold  abscess. 


5.-CLINICAL  PICTURE  AND  TREATMENT 

(l)_Acute  Generalized  Miliary  Tuberculosis 

Clinical  picture 

The  clinical  maaifestations  of  acute  generalized  miliary  tuberculosis 
are  extremely  varied,  but  three  characteristic  forms  of  the  disease  are 
jphoidal,  sufficiently  distinctive  to  deserve  recognition;  namely,  a  typlioidal  form 
ilmonary,  in  which  localizing  features  are  generally  absent,  a  pulmonary  form 
mingeal  in  which  pulmonary  features  predominate  trom  the  onset,  and  a 
meningeal  form  in  which  meningitis  is  throughout  the  chief  feature. 
yphoidal  The  typhoidal  form  often  begins  insidiously  with  weakness,  wasting, 
and  pyrexia,  but  soon  the  toxaemia  becomes  severe.  A  dry  hot  skin, 
cracked  tongue,  slight  cyanosis,  rapid  loss  of  weight,  tachycardia,  and 
persistent  pyrexia  are  the  general  features.  The  spleen  is  often  palpable. 
As  a  rule  the  lungs  do  not  show  any  changes  or  only  fine  bronchitis 
on  clinical  examination.  With  rapid  progression  of  the  disease  the 
patient  soon  sinks  into  a  torpid  state  and  dies  in  coma  usually  within 
Pulmonary  six  weeks.  In  the  pulmonary  form  the  initial  symptoms  of  toxaemia  are 
accompanied  by  increasing  dyspnoea,  cyanosis,  and  productive  cough 
in  a  way  that  points  to  serious  implication  of  the  lungs .  These  pulmonary 
symptoms  are  always  disproportionately  severe  in  comparison  with  any 
abnormal  physical  signs  in  the  chest;  as  a  rule  there  is  evidence  only 
of  fine  bronchitis  or  patchy  collapse,  or  else  of  emphysema.  Radio¬ 
graphy  of  the  chest  is  essential  to  determine  the  true  condition  by  the 
characteristic  fine  mottling  always  seen  in  the  lung  fields  (see  Plate 
Meningeal  VIT,  a).  The  meningeal  form  of  miliary  tuberculosis  is  found  when  the 
generalized  dissemination  of  the  disease  involves  the  meninges  from 
the  start.  Its  clinical  features  are  described  elsewhere  (see  Meningitis, 
Yol.  YIII,  p.  499). 

Course  and  Acute  generalized  miliary  tuberculosis  is  usually  fatal  within  six  weeks. 
prognosis  ^  fatal  prognosis,  however,  is  not  justified  now  in  the  early  stages  or 


A  Radiograph  of  acute  miliary  tuberculosis:  necropsy  control  b.  Radiograph  ol 
*  chronic  miliary  tuberculosis  of  lungs  in  a  young  woman  with  a  caseous  tuber¬ 
culosis  of  uterus,  both  Fallopian  tubes,  and  ovaries:  necropsy  control 
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from  X-ray  evidence  alone  unless  the  meninges  are  affected,  because 
there  are  records  of  recovery.  Although  there  are  a  few  genuine  examples 
of  recovery  from  tuberculous  meningitis  this  is  excessively  rare.  On  the 
other  hand,  provided  that  the  meninges  escape  involvement  there  is 
more  chance  that  the  disease  may  become  chronic  or  that  recovery  may 
occur.  Though  it  is  not  known  how  commonly  this  happens,  it  is 
probably  much  rarer  in  infants  and  children  than  in  adults. 

Diagnosis  and  differential  diagnosis 

The  diagnosis  of  acute  generalized  miliary  tuberculosis  is  always 
difficult  and  often  delayed,  especially  in  the  typhoidal  form,  unless  a 
radiograph  of  the  chest  is  taken  at  once  whenever  the  condition  is 
suspected.  Enteric  fever  is  excluded  by  the  rapid  pulse,  the  absence 
of  a  rising  tide  of  agglutinins,  negative  blood  cultures,  and  the  pre¬ 
sence  of  a  polymorphonuclear  leucocytosis.  Progressive  endocarditis  is 
excluded  by  the  absence  of  a  progressive  valvular  lesion  and  also 
negative  blood  cultures,  the  latter,  of  course,  also  excluding  a  septi¬ 
caemia.  In  the  presence  of  signs  of  meningitis  examination  of  the  cere¬ 
brospinal  fluid  is  imperative;  the  raised  pressure,  fine  cobweb  coagulum, 
reduced  chlorides,  raised  protein,  excess  of  lymphocytes,  and  perhaps 
the  presence  of  tubercle  bacilli  confirm  the  diagnosis. 

There  are  only  a  few  other  conditions  that  produce  radiographs  like  Radiography 
those  of  miliary  tuberculosis  in  a  patient  with  an  acute  illness.  A  rare 
form  of  miliary  broncho-pneumonia  can  do  so,  though  here  the  lesions 
are  generally  coarser  and  fuse  quickly;  moreover  there  is  intense 
cyanosis,  irregular  pyrexia,  copious  sputum  with  a  mixed  bacterial 
flora,  and  a  high  polymorphonuclear  leucocytosis.  Miliary  carcino¬ 
matosis  of  the  lungs  runs  a  course  of  a  few  months  with  symptoms 
resembling  those  of  miliary  tuberculosis;  but  it  is  rare,  especially  before 
middle  life,  there  is  no  fever  as  a  rule,  but  intense  dyspnoea,  perhaps 
invasion  of  the  superficial  lymphatic  glands,  and  evidence  of  the 
primary  growth,  commonly  a  gastric  carcinoma.  Syphilis,  psittacosis, 
and  periarteritis  nodosa  occasionally  affect  the  lungs  in  a  fashion 
which  may  be  confused  with  miliary  tuberculosis;  diagnosis  in  such 
rare  cases  rests  upon  the  general  clinical  features,  the  W^asserniann 
reaction,  and  perhaps  biopsy  of  a  superficial  nodule  in  periarteritis. 

Bacteriological  proof  of  tuberculosis  during  life  is  not  easy  to  obtain 
though  occasionally  the  organisms  are  found  in  the  cerebrospinal 
fluid  or  stools.  Choroidal  tubercles  if  present  are  diagnostic,  but  in 
my  experience  they  are  very  rarely  found. 

Treatment 

Complete  rest  in  bed  is  essential  and  also  skilled  nursing  attention. 

Medicinal  treatment  is  entirely  symptomatic.  In  the  meningeal  form 
lumbar  punctures  repeated  at  intervals  of  a  day  or  two  help  to  relieve 
the  headache,  the  distressing  cry,  and  the  convulsions. 
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(2)— Chronic  and  Healed  Generalized  Miliary  Tuberculosis 
^Cidence  Until  recently  miliary  tuberculosis  pursuing  a  chronic  course  or 
healing  has  been  regarded  as  nothing  more  than  a  curiosity  of  occasional 
pathological  interest.  In  1924,  however,  Burnand  and  Say6  gave  a 
clinical  description  of  a  few  examples.  Subsequently  there  has  been  an 
increasing  recognition  of  the  frequency  with  which  a  prolonged  course 
occurs,  a  recognition  which  has  been  furthered  greatly  by  a  much  wider 
use  of  radiology  in  routine  diagnosis  of  pulmonary  disorders.  Hoyle 
and  Vaizey  recently  collected  and  analysed  1 10  cases  from  the  literature 
and  added  to  these  10  others  of  their  own. 

Miliary  tuberculosis  pursuing  a  chronic  course  is  commonest  in 
adolescence  and  early  adult  life.  It  usually  arises  insidiously  with  a  dry 
cough,  smouldering  pyrexia,  malaise,  and  loss  of  weight.  In  others  the 
onset  is  like  that  of  the  acute  disease.  As  a  rule  abnormal  signs  are 
few  and  may  be  limited  to  the  general  features  of  a  toxaemic  illness 
coupled  with  evidence  of  localized  infiltration  of  one  or  both  lungs 
or  of  a  fine  bronchitis.  The  spleen  is  not  uncommonly  enlarged  and 
occasionally  is  enormous.  A  diffuse  lymphadenitis  is  another  iniportant 
feature.  Focal  tuberculosis  of  the  skin,  genito-urinary  tract,  a  joint,^  the 
iris,  or  more  rarely  some  other  organ  may  also  occur.  Such  lesions 
may  appear  concurrently  or  in  a  consecutive  fashion  during  the  course 
Radiography  of  the  disease.  Radiographic  examination  of  the  chest  is  essential  for 
the  recognition  of  the  disease,  and  the  miliary  shadows  then  seen  are 
usually  numerous,  small,  discrete,  and  symmetrical  (see  Plate  VII,  b). 
Their  density  is  sometimes  greater  than  in  the  acute  disease*  owing  to 
fibrosis,  and  they  sometimes  appear  calcified.  When  there  are  calcified 
miliary  foci  in  the  spleen  or  liver  they  are  demonstrable  radiologically. 
In  a  few  the  radiographic  appearances  of  the  lungs  are  quite  atypical 
for  miliary  disease  owing  to  the  presence  of  a  latticed  pattern  in  the 
lung  fields  and  abnormal  mediastinal  and  hilar  shadows.  This  feature 
occurs  in  the  lymphogenous  form  of  the  disease. 

It  is  convenient  to  distinguish  three  groups  of  cases  of  chronic  miliary 
tuberculosis  as  regards  the  course  and  prognosis.  One  group  consists 
of  those  in  whom  the  disease  ends  fatally  in  less  than  six  months. 
These  patients  usually  have  an  abrupt  onset;  the  course  is  febrile  with¬ 
out  remission  and  is  commonly  terminated  by  tuberculous  meningitis. 
Here  the  disease  closely  resembles  acute  miliary  tuberculosis  with  a 
prolonged  duration.  A  second  group  consists  of  those  with  a  fatal 
termination  after  a  course  longer  than  six  months  and  averaging  about 
two  years;  the  onset  is  more  often  insidious,  there  are  remissions  in 
which  the  disease  is  apparently  quiescent  for  a  short  time,  and  there  is 
often  clinical  evidence  of  extra-pulmonary  focal  tuberculosis.  Tuber¬ 
culous  meningitis  is  again  the  common  termination,  though  sometimes 
there  is  a  peculiar  form  of  progressive  toxaemia  with  severe  emaciation 
and  dyspnoea,  cyanosis,  and  little  or  no  pyrexia.  Occasionally  the 
pulmonary  lesions  produce  a  cor  pulmonale  and  terminal  congestive 


Course  and 
prognosis 

Cases  fatal 
within  six 
months 


Cases  fatal 
after  longer 
period 
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heart  failure.  But  some  patients  recover  spontaneously  and  retain  Patients  who 

normal  health;  Hickling  recorded  two  cases  in  which  recovery  followed 

surgical  removal  of  a  massively  enlarged  tuberculous  spleen.  Apparently 

after  quiescence  for  two  years  relapse  is  infrequent.  The  pulmonary 

lesions  sometimes  remain  clinically  unimportant  throughout  the  course 

of  the  disease;  some  patients  have  transient  pyrexia,  cough,  and  malaise 

at  the  onset  but  respond  rapidly  to  treatment  by  rest.  In  others  the 

disease  is  never  recognized  during  this  active  phase  and  only  discovered 

by  chance  when  already  obsolete.  Radiologically  in  this  group  the 

lesions  may  disappear  completely  or  may  become  steadily  more  opaque 

from  fibrosis  or  calcification. 

Diagnosis 

A  diagnosis  of  chronic  generalized  miliary  tuberculosis  is  justified 
only  when  there  is  good  evidence  that  miliary  lesions  seen  in  the  lungs 
radiologically  are  tuberculous,  and  when  there  is  evidence  of  generaliza¬ 
tion  of  the  disease.  Many  cases  of  chronic  miliary  tuberculosis  do  not 
show  any  clinical  evidence  of  generalization  and  even  at  necropsy  it 
may  be  hard  to  find,  the  lungs  bearing  the  brunt  of  the  disease.  Proof 
of  tuberculosis  rests  on  detection  of  the  organism  either  in  sputum,  Detection  of 
fasting  gastric  contents,  the  urine,  the  discharge  from  a  sinus,  or  else- 
where,  or  upon  the  histological  examination  of  an  excised  lymphatic 
gland  or  affected  piece  of  skin.  Cultures  and  inoculation  of  a  guinea-pig 
should  be  used  if  necessary.  In  quiescent  or  healed  cases  direct  evidence 
of  this  kind  may  not  be  available  during  life;  the  diagnosis  must  then 
rest  upon  probability  and  exclusion  of  other  conditions. 

The  main  sources  of  difficulty  are  tuberculous  broncho-pneumonia, 
carcinomatosis,  and  pneumoconiosis.  Tuberculous  broncho-pneumonia 
presents  a  different  radiological  picture  in  its  earUest  phases  and  a  rapid 
course  with  cavity  formation.  It  is  rare  for  carcinomatosis  to  cause 
confusion  and  then  only  in  its  miliary  form  in  the  lungs  or  as  lymphangitis  carcino- 
carcinomatosa;  these  are  commoner  after  fifty  years  of  age,  always  lead  matosis 
to  great  dyspnoea  but  rarely  to  fever,  and  end  fatally  within  a  few 
months.  The  primary  growth  is  most  often  in  the  stomach  and  may 
provide  diagnostic  features.  Pneumoconiosis  is  distinguished  from  From 
chronic  miliary  tuberculosis  by  a  history  of  prolonged  exposure  to 
harmful  dust.  Other  conditions  occasionally  causing  difficulty  in  From  other 
diagnosis  are  miliary  congestion  of  the  lungs,  occurring  with  some  conditions 
underlying  cardiovascular  lesion  and  with  clinical  signs  of  congestive 
cardiac  failure:  fungoid  infections,  xanthomatosis,  Hodgkin’s  disease, 
bilharziasis,  and  Boeck’s  sarcoid.  Confusion  with  the  latter  is  especially 
likely  in  the  presence  of  skin  involvement.  Diagnosis  between  the  two 
conditions  may  be  impossible  unless  tubercle  bacilli  can  be  identified, 
because  the  histological  appearances  are  not  always  satisfactory  as  a 
means  of  separating  the  two  diseases.  Many  believe  that  sarcoids  are  a 
non-caseating  form  of  tuberculosis  (Pinner). 
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Patients  in  whom  the  disease  runs  a  progressive  course  have  no 
prospect  of  recovery,  and  treatment  is  symptomatic.  Those  with 
quiescent  lesions  do  not  need  any  treatment,  though  periodic  observa¬ 
tion  is  a  wise  precaution.  With  the  intermediate  group  treatment  by 
prolonged  rest  in  bed  offers  a  prospect  of  averting  a  fatal  outcome.  In 
some  of  these,  bilateral  artificial  pneumothorax  is  worth  a  trial  though 
severe  dyspnoea  is  a  limiting  symptom  that  restricts  its  use  even  ni 
favourable  cases.  Treatment  by  gold  sodium  thiosulphate  (sanocrysin 
crisalbine)  or  other  gold  salts  is  advocated  by  Saye;  small  doses  should 
be  used  and  with  great  caution. 


(3)_A.ciite  Generalized  Massive  Tuberculosis 

Incidence  This  rare  form  of  tuberculosis  is  seen  as  a  rule  during  early  childhood, 
or  among  negroes  and  other  primitive  races. 

Clinical  picture 

Acute  forms  occur  as  a  severe  and  progressive  febrile  illness,  accom¬ 
panied  generally  by  rapid  wasting,  tachycardia,  multiple  adenitis,  and 
an  enlarged  spleen.  Enlargement  of  the  spleen  is  conimon  and  it  may 
be  massive  from  multiple  large  caseous  foci.  The  lesions  in  the  lungs 
are  often  not  shown  by  abnormal  physical  signs  until  they  are  far 
Evidences  of  advanced.  Recurrent  dissemination  of  the  bacilli  by  the  blood-stream 
recurrent  inferred  from  fresh  lesions  in  the  lungs,  or  by  the  appearance 

dissemination  papuio-necrotic  tuberculides  or,  in  infants, 

of  subcutaneous  nodular  tuberculous  abscesses.  Transient  attacks  of 
meningeal  or  cortical  irritation  have  been  described  with  various  neuro¬ 
logical  signs  closely  simulating  those  of  tuberculous  meningitis  and 
with  changes  in  the  cerebrospinal  fluid  pressure,  number  of  cells,  and 
globulin  content.  These  attacks  appear  to  be  due  to  a  small  caseating 
focus  in  the  meninges  or  cortex.  r 

Course  and  As  a  rule  this  form  of  generalized  tuberculosis  is  fatal  within  a  few 
treatment  y,eeks.  Treatment  is  limited  to  the  provision  of  adequate  facilities  for 
rest,  feeding,  nursing  care,  and  the  relief  of  symptoms. 


(4)— Chronic  Generalized  Massive  Tuberculosis 

Generalized  tuberculosis  with  lesions  that  are  massive  rather  than 
Types  miliary  is  occasionally  chronic.  Four  types  are  now  sufficiently  dis¬ 

tinguished  to  deserve  recognition  as  separate  clinical  groups,  though 
individuals  may  sometimes  show  features  of  more  than  one  group  as 
the  disease  extends.  _ 

Protracted  (i)  Chronic  pulmonary  tuberculosis  is  occasionally  accompanied  by 
dissemination  concurrent  Or  consecutive  tuberculous  involvement  of  bones  or  joints, 
the  genito-urinary  system,  the  skin,  or  more  rarely  by  lesions  elsewhere. 
Such  features  are  significant  of  generalization  of  the  disease  in  Schtir- 
mann’s  sense  of  protracted  dissemination.  The  clinical  features  of  the 
individual  lesions  do  not  differ  in  any  way  from  those  associated  with 
focal  tuberculosis  in  the  various  organs  affected,  (ii)  Tuberculous 


Radiograph  showing  hilar  lymphadenopathy  and  disseminated  lesions  in  both  lungs  of  milia 
This  patient  was  blind  from  chronic  iridocyclitis  and  had  enlargement  ol  both  parotid  glar 
generalized  enlargement  of  superficial  lymph  glands  and  of  the  spleen.  Histological  exan 
of  a  lymphatic  gland  showed  chronic  miliary  tuberculosis.  (Reproduced  by  kind  permis 
Dr.  W.  D.  W.  Brooks) 

Plate  VIII 
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polyserositis,  polyorrhomenitis,  or  Concato’s  disease  (see  also  Ascites,  PolyserosMs 
VoL  II,  p.  157)"  (iii)  Generalized  tuberculosis  with  massive  lesions  Lymphatic 
confined  to  the  lymphatic  system  was  first  described  by  Osier;  he  found 
the  most  extreme  examples  in  negroes,  and  others  have  since  found  the 
same  (Lincoln).  The  characteristic  feature  is  a  more  or  less  general 
enlargement  of  lymphatic  glands.  The  retroperitoneal,  mesenteric,  and 
bronchial  glands  are  affected  especially,  but  superficial  nodes  may  also 
become  enormously  enlarged.  The  chronic  course  is  sometimes  accom¬ 
panied  by  little  or  no  evidence  of  toxaemia  for  long  periods.  Sometimes 
a  massive  generalized  tuberculosis  of  the  entire  abdominal  glandular 
system  produces  a  clinical  picture  closely  resembling  coeliac  disease 
with  chronic  wasting,  abdominal  distension,  and  bulky  pale  fatty  stools. 

At  other  times  there  is  a  strong  resemblance  to  Hodgkin’s  disease. 

Histological  examination  of  an  excised  gland  will  usually  decide  the 
diagnosis,  (iv)  A  further  group  of  cases  occurs  in  which  the  features  dissemimUon 
of  this  preceding  group  are  accompanied  by  lesions  in  other  viscera, 
pointing  to  haemic  as  well  as  lymphatic  dissemination  of  the  disease  (see 
Plate  VIII).  Thus  there  may  be  tuberculous  iridocyclitis,  uveoparotitis, 
a  massively  enlarged  caseous  spleen,  and  focal  tuberculosis  of  the  spine, 
genito-urinary  tract,  skin,  or  lungs. 

The  outlook  in  these  forms  of  generalized  tuberculosis  is  always  Prognosis  and 
uncertain  and  usually  poor.  Few  patients  survive  for  more  than  a  year 
or  two  though  some  remarkable  examples  are  on  record  in  which  the 
lesions  have  become  quiescent  and  health  has  been  restored.  In  such 
cases  extensive  calcification  occurs  in  the  affected  organs.  Treatment 
follows  the  general  lines  for  an  active  tuberculosis.  For  those  cases 
included  in  groups  (ii)  to  (iv)  the  cautious  use  of  ultra-violet  rays  or 
exposure  to  sunlight  may  be  beneficial. 
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l.-DEFINITION 

{Synonyms.— fever;  rabbit  fever) 

1556.]  Tularaemia  is  a  specific  infective  disease  due  to  Bacterium 
tularense.  It  is  wide-spread  in  nature  in  various  animals,  principally 
rodents,  and  is  acquired  by  man  through  handling  infected  animals  or 
their  carcasses,  or  transmitted  to  man  from  infected  animals  by  biting 
insects. 


2.-AETIOLOGY 

The  first  case  in  man  to  receive  bacteriological  proof  was  reported  from  Earliest 
Cincinnati  in  1914,  but  the  disease  is  known  to  have  occurred  in  the 
United  States  of  America  as  early  as  1907.  The  causal  organism  was 
identified  in  1912  during  a  study  of  an  epidemic  among  ground  squirrels 
in  California  and  named  after  the  county,  Tulare,  in  which  the  discovery 
was  made.  Francis  in  1920  gave  a  clear  account  of  the  disease  as  it 
occurs  in  animals  and  man  and  of  the  methods  by  which  it  is  trans¬ 
mitted.  The  disease  has  been  reported  to  occur  in  man  in  the  United  Geographical 
States,  Japan  (1925),  Russia  (1928),  Norway  (1929),  Canada  (1930), 
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Sweden  (1931),  Austria  (1935),  Czecho-Slovakia  (1936),  and  Turkey 
(1936).  It  is  unknown  in  the  British  Isles  except  as  a  laboratory  infection. 
Vfodesof  It  is  most  conimonly  acquired  through  an  abrasion  of  the  skin  of  the 
nfection  hands  in  those  killing  or  handling  the  carcasses  or  skins  of  infected 
rabbits  or  hares,  but  it  may  not  be  possible  to  discover  the  site  of  entry. 
It  is  also  transmitted  from  infected  animals  by  biting  insects,  most 
commonly  the  horse-fly  {Chrysops  discaUs)  and  the  wood-tick  (Derma- 
centor  andersoni),  but  other  blood-sucking  insects,  such  as  lice,  (lies, 
bugs,  and  ticks  may  act  as  the  transmitter.  It  has  been  acquired  by 
eating  partly  cooked  rabbit,  and  by  the  bites  of  animals  whose  mouths 
have  been  contaminated.  The  disease  has  been  acquired  by  man  in  one 
or  other  of  these  ways  from  the  wild  rabbit,  hare,  tree  squirrel,  ground 
squirrel,  lemming,  guinea-pig,  water-rat,  wild  rat,  white  rat,  ground¬ 
hog,  skunk,  musk-rat,  coyote,  opossum,  fox,  deer,  quail,  and  sage-hen, 
from  scratches  by  a  cat,  and  by  picking  ticks  from  a  dog.  Water  has 
been  contaminated  and  has  given  rise  in  Russia  to  an  epidemic  in  man. 
Laboratory  workers  who  handle  living  cultures  of  the  organism  or 
perform  necropsies  on  inoculated  animals  seldom  escape  infection. 
Infection  from  man  to  man  is  unknown. 


3.-BACTERIOLOGY  AND  MORBID  ANATOMY 


Causal 

organism 


Histology  of 
lesions 


Bacterium  tularense  is  a  small  pleoniorphic  Gram-negative  cocco- 
bacillus,  aerobic,  non-mobile,  and  non-spore-bearing.  It  grows  well  on 
coagulated  egg-yolk  and  blood-glucose-cystine-agar  but  not  on  ordin¬ 
ary  laboratory  media.  It  has  been  isolated  directly  from  man  on  culture 
media  but  has  not  been  identified  in  smears  made  from  human  lesions. 
It  is  best  isolated  by  the  inoculation  of  guinea-pigs  with  material  from 
lesions  and  has  been  obtained  in  this  way  from  blood  taken  from 
patients  during  the  first  week  of  the  disease. 

In  the  morbid  anatomy  of  the  individual  lesions  there  is  a  similarity 
to  tuberculosis  and  two  concurrent  processes  may  be  recognized, 
necrosis,  and  a  reaction  of  reticulo-endothelial-monocyte-epithelioid 
type.  In  early  lesions  necrosis  predominates,  in  late  lesions  the  cellular 
reaction,  and  old  necrotic  lesions  become  encapsulated  by  fibrous  tissue. 
It  is  doubtful  if  the  diagnosis  can  be  made  on  the  histological  appear¬ 
ances  alone. 

The  primary  skin  lesion  is  a  reddened  papule  that  breaks  down  to 
form  a  puiiched-out  sloughing  ulcer.  If  the  primary  lesion  is  in  the 
eye,  there  is  infiltration  of  the  conjunctiva  by  lymphocytes  and  poly- 
Other  lesions  morphonuclear  leucocytes  and  foci  of  caseous  necrosis.  The  regional 
lymphatic  glands  are  enlarged  and  may  suppurate;  a  nodular  or  con¬ 
fluent  pneumonia  occurs  in  a  large  proportion  of  the  fatal  cases;  the 
spleen  and  liver  often  contain  focal  lesions  and  more  rarely  similar 
lesions  are  found  in  the  kidneys,  intestines,  brain,  and  meninges-  Exuda- 


Primary  skin 
lesion 
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4 -CLINICAL  PICTURE 

After  an  incubation  period  of  from  one  to  ten  days  there  is  a  sudden  Onset 

onset  of  headache,  vomiting,  chill,  fever,  and  aching  in  the  back  and 

limbs.  Weakness,  anorexia,  loss  of  weight,  sweating,  and  prostration 

follow.  Skin  eruptions,  macular,  papular,  vesicular,  or  pustular,  may 

occur  at  any  time  in  the  course  of  the  disease.  In  the  ulcero-glandular 

type  that  arises  from  a  primary  skin  lesion  there  is  pain  in  the  regional 

lymphatic  glands  for  forty-eight  hours  before  an  inflamed  papule 

appears  at  the  site  of  entry.  This  rapidly  becomes  pustular  ;  a  necrotic  plug 

is  discharged  and  a  punched-out  ulcer  forms.  Pneumonia,  bronchitis 

and  pleurisy,  and  meningitis  occur  as  complications  of  this  type.  In 

the  oculo-glandular  type,  pain  in  the  eye,  photophobia,  lacrimation,  Ocuh- 

oedema  of  the  lids,  conjunctivitis,  and  painful  enlarged  regional  lymph- 

atic  glands  are  the  characteristic  features.  A  glandular  type  occurs  Glandular 

with  enlarged  regional  glands  but  no  primary  lesion.  A  typhoid  type  Typhoid  type 

in  which  there  are  general  symptoms  but  no  primary  lesion  and  no 

regional  enlargement  of  lymphatic  glands  is  the  form  usually  found  in 

laboratory  infections.  In  the  ingestion  type,  in  which  the  infection  arises  Ingestion  type 

from  imperfectly  cooked  meat  from  an  infected  animal,  the  onset  is 

marked  by  vomiting,  abdominal  pain,  and  diarrhoea. 


5 -COURSE  AND  PROGNOSIS 

In  most  cases  the  active  stage  of  the  disease  lasts  for  two  or  three 

weeks  and  in  the  absence  of  complications  recovery  is  the  rule,  but  the 

convalescence  is  often  prolonged  and  complete  recovery  may  be  delayed 

for  several  months.  Recurrences  of  slight  fever  with  lassitude  and  weak-  Recurrences 

ness  may  interfere  with  the  capacity  for  hard  work  for  as  long  as  a 

year.  The  course  may  be  greatly  prolonged  by  complications.  Suppura-  Complications 

tion  in  enlarged  lymphatic  glands  has  been  recorded  at  any  time  from 

one  to  twenty-four  months  after  infection. 

Recovery  is  the  rule  in  the  oculo-glandular  type,  without  permanent 
impairment  of  vision.  In  cases  with  pulmonary  complications  the 
mortality  rate  is  about  40  per  cent.  Meningitis  is  usually  fatal,  and 
death  has  occurred  in  most  cases  acquired  from  eating  partially  cooked 
meat  from  infected  animals.  The  total  mortality  rate  is  between  4  and 
5  per  cent.  One  attack  confers  lasting  immunity.  immunity 


6 -DIAGNOSIS  AND  DIFFERENTIAL  DIAGNOSIS 

In  cases  of  the  ulcero-glandular  type,  the  primary  skin  lesions  and  the 
enlarged  regional  lymphatic  glands  make  the  diagnosis  easy  in  a  locality 
where  the  disease  is  common,  especially  if  there  is  a  history  of  handling 
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the  carcass  or  skin  of  a  rahbit  or  other  rodent,  but  tularaemia  should  be 
considered  as  the  possible  cause  of  every  case  of  undiagnosed  fever  in 
an  area  where  it  is  known  to  occur.  Cases  subsequently  proved  to  be 
tularaemia  have  been  provisionally  diagnosed  as  influenza,  typhoid 
fever,  sporotrichosis,  undulant  fever,  tubeiculosis,  psittacosis,  and 
septic  infections. 

The  blood  count  is  not  characteristic,  a  mild  secondary  anaemia 
being  commonly  found  with  a  moderate  leiicopenia  or  leucocytosis. 
Specific  agglutinins  are  present  in  the  serum  in  the  second  week  of  the 
disease,  attain  a  maximal  concentration  between  the  fourth  and  seventh 
weeks,  and  remain  present  for  as  many  years  following  infection  as 
observations  have  been  recorded  . 

Foshay  (1932,  a)  recently  prepared  a  detoxified  antigen  for  intra- 
dermal  tests  that  may  enable  a  specific  diagnosis  to  be  made  in  the  first 
week,  but  the  value  of  this  test  has  still  to  be  accurately  defined.  The 
infecting  organism  has  been  isolated  by  inoculation  into  guinea-pigs 
of  the  blood  during  the  first  week,  and  of  pus  from  the  primary  lesion 
and  from  suppurating  lymphatic  glands. 


7-TREATMENT 

No  preventive  treatment  has  so  far  been  discovered  apart  from 
protection  by  rubber  gloves  of  the  hands  of  those  who  dress  the 
carcasses  or  handle  the  skins  of  infected  rodents.  The  treatment  of 
the  disease  is  almost  entirely  general  and  symptomatic.  The  primary 
skill  lesion  should  be  treated  by  the  application  of  dressings  and  when 
suppuration  occurs  in  a  lymphatic  gland  it  should  be  incised.  Foshay 
(1932,  b)  has  recently  prepared  a  therapeutic  serum  from  goats,  but  its 
value  is  not  yet  established. 
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1. -INTRODUCTION  AND  DEFINITION 

1557.]  Though  the  term  tumour,  in  its  widest  sense,  may  be  applied 
clinically  to  any  mass  arising  within  the  tissues,  it  is  proposed  in  the 
present  article  to  limit  the  discussion  to  tumours  of  a  purely  neoplastic 
character.  A  neoplasm  has  been  defined  as  ‘an  autonomous  or  inde¬ 
pendent  new  growth’  (Thoma),  i.e.  a  local  proliferation  of  cells  not 
subservient  to  the  needs  or  control  of  the  body  but  self-regulating  in 
their  powers  of  growth  and  spread.  The  present  article  is  limited  to  a 
seneral  consideration  of  the  clinical  and  morbid  features  of  such  growths. 
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,he  manner  of  their  spread,. ndeerhain.ffects  .ha.  they  ma,  exert  upon 

the  body  as  a  whole. 


2.-CLINICAL  matures  OF  BENIGN  AND 

malignant  tumours 

Prom  the  dinical  point  "Xa.“ 

be  answered  on  discovert  ^  UnMion  is  ant  to  be  of  a  mixed  clinico- 
In  the  minds  of  ‘  ^  definition.  The  purely  clinical 

pathological  characwr  contradistinc- 

conception  ofabenig  tv,„t  vilk  does  not  take  into  account  the 

tion  to  the  malignant  tumour  that  k 

numerous  instances  m  which  a  h-  ^Ic 
by  virtue  ot  its  P°f  '  -adenomas  of 

glioma  in  benign  tumour  may  thus  be  clinically 

(see  also  p.  a-  V  ^boJcrical  aspect,  however,  benign  and  malignant 

malipant.  ^  number  of  histological  criteria, 

tumours  are  d  =,  accessible  to  the  examiner  its  character 

Characters  When  a  Wmour  1  . ,  ^  .  b  difficulty.  The  benign  tumour  is 

of  benign  often  be  decided  without  muctt  tkRues  tends  to  he 

—  chmacteristically  cLc— 

spherical.  It  expands  ,  certain  amount  of 

fixed  to  them  and  therefore,  m  soft  recnr. 

mobility.  Its  powth  is  slow  panidlv  and  rapidity  of  growth 

Characters  The  malignant  tumour  o  tumour  appears  otherwise 

of  malignant  ^lone  should  arouse  suspicio  infiltrate  the 

«—  to  b.  beni^.  I.  is  addi.ioa  .be 

:Ta— of  oae«  iu  ^e  tesi.aal  tyuaph  uodes 

tumour  macroscopically  bemp  i  pp  nietastases  from 

IStuld  “oXXTdismisted  as  ap  i.ucc«..  A£ 

the  luboutis  The  demonstration  of  metastasis,  however,  B  genetalty 
taeSS  “uLpeaahable  eyidence  of  malignane,  »“P 

the  central  nerYoms  system,  where  metastatic  spread  y  e 

»  Z  bth.  plate  troB  a  histologicaU,  hemp  Ptmour  snob 

p. «  nanilloma  of  the  choroid  plexus  (Van  Wagenen). 
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3.-MORBID  ANATOMY 

(lY — ^Macroscopic  Features  ,  ■  ■ 

Many  tumours,  however,  are  revealed  only  at  operation  and  it  is  there¬ 
fore  important  to  recognize  the  macroscopic  features  of  malignant 
growths.  These  may  be  summarized  as  follows. 

Infiltration  or  invasion  by  tumour  of  surrounding  tissues  independently 
of  lined  channels 

The  growth,  either  on  superficial  examination  or  on  section,  or  on 
both  fs  ill-defined.  Its  borders  are  irregular  and,  when  presenting  on  a 
Se  surface  often  raised  and  everted.  The  adjacent  tissues  ot  the  host 
are  penetiaied  by  tongues  or  fine 

the  substance  of  the  main  tumour  in  colour  and  texture,  ^ucn  nmira 
tion  causes  the  tissues  to  become  abnormally  firm  or  indurated, 

Sor  of  considerable  diagnostic  value  when  the  P™ 
diffuse  and  ill-defined— for  example  in  the  stomach.  When 
surfaces  are  involved  they  are  often  puckered,  the  area  resembling  a 

scar- 

ThTCina  of  blood-vessels,  ducts,  and  lymphatics  ^nay  become 
occupied  by  tumour  cells  in  continuity  with  the  mam  growth.  Th 
rcaTcfooml  of  the  kidney  may  block  the  lumen  of  the  renal  vein  and 
extend  thence  into  the  inferior  vena  cava.  Lymphatic  permeation,  for 
Saifrthrperitoneum  or  pleura,  is  often  clearly  shown  by  dis¬ 
tension  of  the  vessels  with  opaque  ' 

causes  them  to  stand  out  sharply  against  the  backgro  . 

Cells  or  f Saul  ste 

fr«y“rr:rif~i?L^  i,  b.ood-s™. 

Frequent  sites  of  sfiP**  and  the 

“T'  'T;e,:”rLw  iSrf.  ‘PI”*' 

Slut”  of  the  soil  must  be  an  impottaut  factor  in  “°“Sn*the“StaS 

tiou.  fll  SL  «  H..,  greyish-  “P"'” 

of  a  ..scus,  haemorrhagic  or  have 

white,  skarply-definrf  are^  They  y  ^ 

haemorrhagtc  borders.  In  '“f"  Lymph  nodes  occupied  by 

r“r:r.h  0^0^  enlarged  ..d  — ,"b;'S; 

SSLetn'S  :S“r^I 

firm  and  greyish-white. 
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Metastasis  may  also  be  promoted  by  °*er  forces  oT Ve' stoTach 
fn-  examole  secondary  deposits  from  a  carcinoma  of  the  stomach 
^av  be  found  in  the  pelvic  peritoneum.  Physiological  propulsion  is 
often  quLed  as  an  agent  but  its  action  is  very  questionable.  It  is  how¬ 
ever  possible  that  tumours  are  disseminated  from  a  higher  to  a  lower 
part’ of  the  intestinal  tract  by  peristalsis,  but  in  such  R  * 

difficult  to  disprove  that  spread  has  taken  place  trough  lymp  c 
permeation.  The  circulation  of  the  cerebrospinal  fluid  is  responsible 
SrThe  dissemination  of  certain  tumours  of  the  central  t^ervous  sy  Jem 
when  these  are  so  placed  that  their  cells  have  access  to  the  fluid 
(Cairns  and  Russell).  Malignant  tumours  are  spread  by  this  means 
Sroftea  than  benign.  A  rarer  method  of  spread  is  transplan  a  ion 
bv  apposition,  for  example  in  carcinoma  of  the  bp. 
of  tumour  by  the  surgeon’s  knife  is  now  very  rare.  Keitle  recorded 
a  case  in  which  exploratory  needling  of  a  carcinomafous  iver  was 
foLved  bv  a  secondary  deposit  in  the  abdominal  wall.  This  possi- 
Slity  should  not  be  forgotten  in  view  of  the  renewed  enthusiasm  in 
recent  years  for  biopsy  by  needling,  for  example  m  carcinoma  of  the 

breast. 

(2) — ^iVIicroscopic  Features 

In  many  instances  the  naked-eye  features  of  a  tumour  are  indecmvte 
and  microscopic  examination  is  necessary  to 

benign  or  malignant.  In  such  an  exaimnation  the  following  points 

iBiist  be  taken  into  consideratioii. 

Character  of  the  growth  as  a  whole,  whether  typical  or  atypical 
In  aeneral  benign  growths  are  typical,  i.e.  they  resemble  fairly  dosely 
the  tissue  of  oriein  both  in  the  morphology  of  the  individual  cells  and 
in  the  manner  in  which  they  are  arranged.  A  good  example  is  the 
adenomatous  polyp  of  the  intestinal  mucosa.  The  resemblance  between 
the  cells  of  a  benign  tumour  and  the  parent  tissue  may  even  extend  to 
function;  thus  the  cells  of  an  adenoma  of  the  liver  may  secrete  bile 
Tumours  of  the  endocrine  glands  often  display  this  propensity  to  such 
an  extent  that  the  body  as  a  whole  is  affected  by  their  activity  (see 
p.  321).  But  malignant  tumours  may  also,  though  more  rarely,  reflec 
the  functions  of  the  tissue  of  origin;  thus  carcinomas  of  the  intestmal 
tract  are  often  composed  of  mucus-secreting  cells  and  the  metastases 
from  such  tumours  are  generally  of  a  similar  character.  Von  Eiselsherg  s 
classical  case  is  often  quoted,  in  which  myxoedema  fo  lowed  the 
surgical  removal  of  a  carcinomatous  thyroid  gland,  vyas  relieved  later 
upon  the  appearance  of  a  functioning  secondary  deposit  in  the  sternum, 
but  reappeared  when  this  was  excised.  The  myxoedema,  however,  failed 
to  improve  when,  still  later,  another  metastasis  appeared  in  the  scapula. 

!  In  contrast  to  the  benign,  the  malignant  tumour  departs  from  the 
cell-morphology  and  architecture  of  the  tissue  of  origin  to  a  greater 
hut  still  variable  extent.  In  general,  the  greater  the  departure  the  more 
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malignant  is  the  tumour.  When  a  tumour  closely  resembles  in  structure  Differentia- 
the  tissue  of  origin  it  is  said  to  be  highly  differentiated;  in  losing  these 
distinguishing  characters  it  becomes  dedifferentiated,  and  finally  un¬ 
differentiated.  The  process  by  which  such  dedifferentiation  takes  place 
is  referred  to  as  anaplasia.  In  different  phraseology  the  cells  are  said  Anaplasia 
to  revert  to  a  more  embryonic  type. 

The  recognition  of  anaplasia  is  of  the  greatest  importance  in  diagnosis 
and  prognosis.  Upon  it  depends  the  system  of  grading  of  tumours 
introduced  by  Broders  (1920),  based  upon  his  observations  on  a  large  Broder^ 
series  of  cases  of  epithelioma  of  the  lip.  According  to  this  system  indi- 
vidual  cases  were  placed  in  one  of  four  grades  according  to  the  relative 
proportions  of  differentiated  and  undifferentiated  tumour  tissue  in  the 
excised  specimen.  Grade  1  comprised  tumours  in  which  three-quarters 
of  the  tissue  showed  differentiation;  grade  2  showed  equal  proportions 
of  differentiated  and  undifferentiated  tissue;  grade  3  showed  differentia¬ 
tion  in  one  quarter  of  the  tissue  only,  and  in  grade  4  there  was  no 
tendency  towards  differentiation.  In  1925  Broders  revised  his  system 
slightly  so  that  a  somewhat  larger  number  of  tumours  would  be  placed 
in  the  two  lower  grades.  His  work  has  met  with  considerable  support, 
especially  in  the  United  States,  as  an  aid  in  prognosis  and  in  following 
up  cases. 

Although  its  application  to  relatively  small  growths  such  as  epi-  LUnitatiom 
thelioma  of  the  lip,  which  are  completely  excised  and  can  be  examined 
microscopically  with  relative  thoroughness,  is  undoubtedly  sound  and  grading 
useful,  it  is  doubtful  if  the  system  can  be  used  in  other  classes  of  tumour. 

It  is  a  common  experience  that  in  dealing  with  a  large  solid  tumour, 
whether  carcinomatous  or  sarcomatous,  there  is  much  variation  in 
both  architecture  and  cellular  differentiation  in  different  areas.  To  assign 
such  a  tumour  to  its  correct  grade  would  involve  immense  labour  since 
a  complete  histological  examination  of  the  whole  mass  would  be 
obligatory.  Also  it  is  well  known  that  a  tumour  upon  which  an  opera¬ 
tion  has  been  performed  may  undergo  anaplastic  changes  in  a  short 
space  of  time.  I  have  examined  gliomas  which,  on  surgical  removal, 
have  displayed  a  highly  differentiated  cellular  structure  but  which, 
although  the  extirpation  appeared  to  be  complete  at  the  time,  have 
recurred  within  a  year  or  eighteen  months  and  have  been  found,  on 
re-examination,  to  exhibit  extreme  dedifferentiation.  In  the  light  of 
such  experience  prognosis  is  rendered  exceedingly  difficult.  Fina,lly 
certain  tumours,  although  well  differentiated,  possess  a  surprising 
degree  of  malignancy,  for  example  the  colloidal  adenocarcinomas  of 
the  thyroid  which  retain  a  remarkably  typical  structure  even  in  the 
metastases.  Again  the  histological  distinction  between  chondromas 
and  chondrosarcomas  is  often  extremely  difficult,  the  appearance  of  the 
latter  being  misleadingly  typical.  Any  attempt  to  grade  such  tumours 
according  to  Broders’  standards  would  be  futile  and  of  little  prognostic 
value.  According  to  Boyd,  grading  by  microscopical  criteria  should 
not  take  the  place  of  careffil  clinical  judgement,  nor  should  the  prognosis 
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b€  based  slavishly  upon  it.  He  considers  that  the  value  of  grading  lies 
rather  in  the  help  given  in  assessing  the  radiosensitivity  of  the  tnmoiir. 
These  criticisms  should  not  be  interpreted  as  a  reactionary  effort 
to  belittle  this  work.  That  closer  attention  to  the  structural  details 
of  tumours  will  be  rewarded  is  indicated  by ^  such  studies  as  those  of 
Callender  and  Wilder,  who  analysed  a  series  of  forty-six  cases  of 
choroidal  melanoma  followed  for  five  years  and  showed  that  metastasis 
had  not  occurred  when  argentophil  fibres  were  present  throughout 
the  tumour;  when,,  however,  these  fibres  were  absent  in  some  areas 
metastasis  occurred  in  68  per  cent  of  cases;  and  when  fibres  were  entirely 
absent  all  the  patients  had  died. 

Imasion 

Further  evidence  of  the  nature  of  a  tumour  may  be  sought  in  the 
character  of  its  boundaries.  The  benign  tumour  is  characteristically 
circimiscTibed  and  often  enclosed  by  a  capsule  formed  as  the  result  of 
pressure  upon  the  adjacent  tissues  of  the  host.  Such  pressure  leads  to 
deseneration  and  a  gradual  disappearance  of  the  cells  at  the  periphery , 
while  the  residual  supporting  connective-tissue  becomes  condensed  to 
form  a  collagenous  sheath  around  the  tumour.  In  malignant  tumours 
such  a  capsule  is  usually  absent,  the  margins  showing  areas  in  which 
the  tumour  is  actively  invading  the  surrounding  tissues.  Such  invasion 
is  manifested  by  the  extension  of  narrow  trabeculae  or  broader  tongues 
of  tumour  cells  beyond  the  limits  of  the  main  mass.  Extension  tends 
to  take  place  along  lines  of  least  resistance,  for  example  in  the  loose 
connective-tissue  separating  muscle  bundles  or  epithelial  structures  and 
along  the  perineural  sheaths  of  nerves.  In  the  course  of  such  invasion 
iinecT  channels  such  as  lymphatics  and  blood-vessels  may  he  occupied 
by  tumour  cells  with  subsequent  permeation.  Such  histological  features 
afford  clear  and  incontrovertible  evidence  of  malignancy.  In  many 
instances,  how^ever,  it  is  necessary  to  search  for  earlier  stages,  and  here 
the  relation  of  the  tumour  cells  to  adjacent  basement  membranes  is  of 
the  first  importance.  The  existence  in  a  tumour  of  otherwise  benign 
appeara.iice  of  any  area  in  which  the  cells  have  lost  their  orderly  arrange¬ 
ment  and  have  broken  through  the  basement  membrane  into  the  sur¬ 
rounding  stroma  indicates  early  malignancy.  Such  tumours  are  often 
designated  as  precancerous. 

Morphology  of  the  cells 

The  divergence  in  character  of  a  tumour  from  its  tissue  of  origin  with 
consequent  dedifferentiation  implies  not  only  the  loss  of  typical  archi¬ 
tecture  but  changes  in  the  individual  cells  whereby  they  tend  to  lose 
any  special  features  that  were  distinctive  of  their  ancestors.  They  thus 
become  simplified  and,  if  encountered  as  a  metastasis  in  another  part 
of  the  body,  may  offer  no  clue  to  their  origin.  There  is  also  generally 
considerable  variation  in  the  size  of  the  cells,  some  perhaps  being  of 
giant  proportions.  Such  giant  cells  may  contain  one  or  more  nuclei; 
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in  the  latter  event  the  nuclei  may  be  superimposed  or  may  be  arranged 
in  an  annular  fashion  at  the  periphery  of  the  cytoplasm.  The  nuclei 
of  the  giant  cells  vary  in  size  and  in  their  chromatin  content.  The 
presence  or  absence  of  mitoses  is  an  important  indication  of  the  rate  Mitoses 
of  growth  of  the  tumour  at  the  time  of  its  removal.  Multipolar  mitoses  Abnormal 
and  mitoses  in  which  the  number  of  chromosomes  is  either  increased  or 
decreased  are  often  seen  in  highly  malignant  tumours.  Such  abnormal 
mitoses  are  probably  closely  linked  up  with  the  formation  of  multi- 
nucleate  giant  cells.  Multipolar  mitoses,  however,  are  occasionally  seen 
in  inflammatory  conditions  and  sometimes  in  tissue-culture  preparations 
of  normal  tissues.  In  the  latter  they  are  generally  ascribed  to  toxic 
alterations  in  the  culture  medium. 

Metastasis 

The  regional  lymph  nodes  should  invariably  be  examined  for  the  Rxamfnatmi 
presence  of  secondary  deposits  when  this  is  possible,  for  their  demon- 
stration  is  positive  proof  of  malignancy.  Generally  the  histological 
character  of  the  deposits  resembles  closely  that  of  the  primary  growth 
both  in  architecture  and  in  the  morphology  of  the  cells.  Occasionally, 
however,  the  secondary  deposits  show  further  dedifierentiation  or, 
perhaps  more  rarely,  the  converse.  A  fully  documented  and  critical 
survey  of  the  phenomenon  of  metastasis  and  other  methods  of  tumour 
spread  is  given  by  Willis. 

(3) — ^Valiie  of  Microscopic  Criteria 

These  elementary  histological  criteria  of  malignancy  have  been  briefly 
stated  in  order  that  their  relative  value  in  diagnosis  may  be  discussed. 

With  the  exception  of  metastasis  none  alone  provides  a  certain  answer  Metastasis 
in  all  circumstances  to  the  question  whether  the  tumour  is  malignant. 

The  investigation  of  regional  lymph  nodes  in  biopsy  specimens  is  often 
impossible.  Moreover  a  negative  result  does  not  preclude  malignancy 
because  metastasis  may  have  taken  place  by  the  blood-stream. 

Evidence  of  invasion  alone  cannot  be  accepted  as  indicative  of  Anomalies 
malignancy.  It  is  well  known  for  example  that  meningiomas  often  invade 
the  medullary  spaces  of  the  adjacent  skull  and  penetrate  the  large  dural 
sinuses,  and  may  even  reach  the  soft  tissues  superficial  to  the  skull: 

I  have  seen  two  examples  in  which  the  temporal  muscles  were  so  affected. 

Yet  these  tumours  offer  no  other  evidence  of  malignancy  and  are 
clinically  benign.  The  same  is  true  of  chromophobe  adenomas  of  the 
pituitary;  although  macroscopically  apparently  circumscribed  they  often 
invade  the  adjacent  brain  and  dura,  and  even  the  bony  walls  of  the  sella 
turcica.  In  other  respects  they  are  histologically  and  clinically  benign. 

The  so-called  ‘cancroid’  of  the  appendix  is  another  instance  of  a  tumour 
that  is  locally  invasive  but  rarely  gives  rise  to  metastases. 

Moreover  in  biopsy  the  borders  of  a  tumour  may  not  be  available  for  Examination 
examination.  In  such  circumstances  the  estimation  of  the  degree  to 
which  the  tumour  departs  in  histological  character  from  the  tissue  of 
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origin  is  of  the  greatest  importance;  and  here  the  loss  of  normal  archi¬ 
tecture  mav  he  regarded  as  of  greater  significance  than  the  presence 
of  morphological^'ariations  amongst  the  individual  cells.  Abundant 
mitoses  indicate  rapidity  of  growth  and,  though  alone  of  no  great 
significance,  in  conjunction  with  other  features  should  be  accepted  as 
supporting  evidence  of  malignancy. 

(4)— AssociaticMi  between  Benign  and  Malgnant  Tumours 
It  is  coimnoniy  taugM,  especially  by  clinicians,  that  benign  tumours 
are  apt  to  undergo  malignant  transformation.  In  fact  this  change 
appears  to  be  uncommon:  a  benign  tumour  tends  to  remain  benign,  a 
malisnant  tumour  generally  hears  this  character  from  the  start.  Excep¬ 
tions  may  be  enumerated,  and  the  possibility  of  this  occurrence  must 
always  be  remembered  especially  when  a  benign  tumour  of  long 
standing  manifests  rapid  growth.  An,  important  example  is  melanoma 
of  the  skin.  Leiomyomas  m,ay  become  sarcomatous,  a  change  often 
referred  to  by  clinicians  as  ‘degenerative’  although  its  character  is 
'  rather  of  the  reverse  order.  In  most  carcinomas  of  the  thyroid  the  growth 
is  largely  adenomatous.  When  multiple  adenomas  of  the  intestinal  tract, 
especially  of  the  stomach,  occur  carcinomatous  transformation  may 
take  place  in  only  one  of  them.  The  same  is  true  of  villous  papillomas 
of  the  Madder  and  the  sMn  pap,illomas  of  tar-workers.  Sarcomatous 
change  mav,  though  rarely,  occur  in  neurofibromas  of  the  peripheral 
nerves;  I  have  recently  seen  such  an  example  in  neurofibromatosis. 


4.-LATENT  PRIMARY  TUMOURS 

Many  instances  might  be  quoted  of  tumours  that  have  given  no  hint  of 
their  presence  until  the  results  of  erosion  have  led  to  the  sudden  per¬ 
foration  of  a  viscus  or  blood-vessel,  with  catastrophic  results.  It  is  by 
no  means  uncommon  for  a  primary  tumour  to  remain  hidden  and  symp- 
tomless  and  for  the  patient  to  seek  medical  help  on  account  of  the  effects 
of  one  or  more  metastatic  deposits.  Examples  of  this  nature  are  fully 
and  systematically  discussed  by  Willis,  and  a  few  only  of  the  commoner 
instances  will  be  mentioned  here. 

Latent  carcinoma  of  the  stomach  may  be  accompanied  by  hepatic 
enlargement  from  multiple  metastases;  by  bilateral  (Krukenberg) 
tumours  of  the  ovaries  resulting  from  trans-peritoneal  metastasis,  or 
by  metastatic  deposits  in  the  recto-uterine  pouch  which  may  mimic  a 
pri'inaw  stenosing  carcinoma  of  the  rectum.  Instances  of  latent  primary 
carcinoma  of  the  lung  with  metastasis  in  the  brain  are  remarkably 
common.  Necropsy  in,  such  cases  may  fail  to  reveal  deposits  in  other 
tissues  and,  unless  an,  exhaustive  search  is  made  throughout  the  lungs, 
the  cerebral  focus  may  be  mistaken  for  the  primary  tumour.  Radio¬ 
graphy  of  the  chest  during  life  may  enable  a  correct  diagnosis  to  be 
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made,  but  many  of  these  tumours  are  too  small  or,  if  bronchogenic,  too 
diffuse  to  be  readily  identified  by  this  means.  The  prostate,  breast,  Otherjms 
kidney,  and  testis  may  also  be  mentioned  as  not  uncommon  sites  of  a 
latent  primary  carcinoma. 


5 -EFFECTS  OF  TUMOURS  ON  THE  BODY 
(1)— Benign 

Serious  consequences  may  follow  the  development  of  a  benign  tumour 
by  reason  of  its  position.  Such  consequences  may  initially  be  purely 
local,  for  example  the  production  of  internal  hydrocephalus  by  a 
colloid  cyst  blocking  the  foramen  of  Monro,  and  of  hydronephrosis 
by  a  papilloma  of  the  ureter.  The  problem  in  each  instance  is  anatomical. 

It  is  proposed  here  to  consider  briefly  more  remote  effects  of  pressure 
or  obstruction  due  to  a  benign  tumour,  attributable  to  some  chemical 
change,  hormonal  or  otherwise,  within  the  body  fluids. 

Obstruction 

A  common  example  in  which  both  local  and  remote  effects  may  Enlargement 
easily  be  traced  is  in  diffuse  enlargement  of  the  prostate  due  to  multiple  ^  ^  ostate 
myo-adenomas.  Such  an  enlargement,  especially  when  the  middle  lobe 
is  affected,  causes  urethral  obstruction  as  a  result  of  which  the  bladder 
undergoes  dilatation  and  hypertrophy,  shared  by  the  ureters  and  pelves 
of  the  kidneys.  In  such  circumstances  infection  of  the  urine  readily 
occurs  leading  to  cystitis  and  an  ascending  pyelonephritis.  Renal 
function  is  thus  impaired  and  evidence  of  uraemia  may  be  found  on 
clinical  examination,  constituting  a  dangerous  and  often  fatal  corn- 
plication.  A  somewhat  parallel  course  of  events  might  be  traced  in  Tumour  of 
cases  in  which  a  benign  tumour  of  the  papilla  of  V ater  causes  obstruc- 
tion  to  the  flow  of  bile  with  resulting  jaundice  and  cholangitis. 

Hormonal  effects  of  endocrine  tumours 

In  a  different  category,  and  of  peculiar  interest,  are  the  hormonal 
effects  upon  the  body  of  benign,  and  more  rarely  of  malignant,  tumours 
of  the  endocrine  glands.  These  are  described  fully  under  the  titles  of 
the  various  glands.  Mention  may,  however,  be  made  here  of  the 
hyperinsulmism  caused  by  an  islet  adenoma  of  the  pancreas,  recognition 
of  wkich  has  led  to  the  surgical  removal  of  the  tumour  and  the  cure  pancreas 

of  the  patient  in  a  number  of  cases  (Fraser,  Maclay,  and  Mann). 

Another  example  is  the  clinical  syndrome  of  pain  and  tenderness  in 
the  bones,  spontaneous  fractures,  and  a  raised  serum  calcium  due  to 
hyperparathyroidism.  Pathologically  a  generalized  osteitis  fibrosa  with 
the  formation  of  osteoclastomas  and  bone  cysts  is  associated  with  one 
or  more  tumours  of  the  parathyroid  glands.  Turnbull  considered  that 
such  tumours  were  the  result  of  functional  hyperplasia  and  was  dis¬ 
inclined  to  regard  them  as  autonomous  new  growths  (Hunter  and 

E.M.  VOL.  xn  ^ 


322 


TUMOURS 


[VOL.  Xil 


Adenoma  of 
pituitary 

Ciiskmg's 

srndrmne 


Chorion- 

earcmoma 


Chromophobe 
adenomas  of 
pituitary 


Supraseilar 

tumours 


FrtiMidrs 

syndrome 


Tumour  (f 
pineal  body 


Turnbuin  Acidophil  adenomas  of  the  pituitary  give  rise  to  gigantism 
and  acromegaly,  and  basophil  adenomas  have  been  associated  by 
Cushion  with  the  well  known  syndrome  that  bears  his  name.  But  the 
recognition  of  Cushing's  syndrome  in  association  also  with  adenoma 
of  the  adrenal  cortex  and,  more  rarely,  with  carcinoma  of  the  thymus 
presents  a  problem  that  as  yet  has  eluded  analysis.  It  appears  likely 
that  chemical  investigation  of  the  hormonal  substances  present  both 
in  the  tumour  tissue  and  in  the  urine  will  constitute  the  next  advance. 
Of  interest  also  in  this  connexion  is  the  urinary  excretion  of  gonado¬ 
tropic  hormone  giving  a  strongly  positive  Zondek-Aschheim  reaction 
in  patients  with  chorion-carcinoma. 

Remote  effects  of  pressure 

Of  different  pathogenesis  are  certain  syndromes  that  arise  through 
pressure-effects  of  benign  tumours  in  the  region  of  the  hypothalamus 
and  pituitary.  The  basophil  and  acidophil  adenomas  of  the  pituitary 
are,  as  already  mentioned,  associated  with  striking  physical  changes 
in  remote  parts  of  the  body.  Tumours  of  the  chromophobe  cells  of  the 
pituitary  cause  other  changes,  not  by  reason  of  any  specific  hormonal 
effect  but  by  destruction  of  the  anterior  lobe  by  pressure.  This  occurs 
because  these  tumours  usually  attain  a  relatively  large  size  in  comparison 
with  the  chromophil  adenomas.  The  clinical  manifestations  are  those 
of  hvpopituitarism,  namely  a  gradually  acquired  obesity,  variable 
degree  of  loss  of  hair,  wrinkling  and  loss  of  elasticity  of  the  skin,  and 
depression  of  sexual  function.  A  somewhat  similar,  though  exagprated, 
picture  may  accompany  suprasellar  tumours  but  here,  through  involve¬ 
ment  of  the  hypothalamus,  there  may  be  in  addition  polyuria,  increased 
sugar  tolerance,  hypersomnia  and,  if  the  subject  is  a  child,  stunting 
of  growth.  When  obesity  is  pronounced  the  term  Frohlich’s  syndrome, 
or  dystrophia  adiposo-genitalis,  is  often  given  to  the  condition.  That 
this  syndrome  is  referable  to  pressure  upon  the  hypothalamus  is  proved 
by  its  development  also  in  cases  of  gross  internal  hydrocephalus. 

A  somewhat  similar  mechanism  appears  to  be  responsible  for  the 
occurrence  of  pubertas  praecox  in  association  with  tumours  of  the 
pineal  body  and  of  the  hinder  part  of  the  hypothalamus. 


(2) — ^MaMgEant 

Genera! 

Cachexia  One  of  the  commonest  effects  upon  the  body  of  malignant  disease  is 
progressive  wasting  ultimately  reaching  a  state  of  cachexia.  So  char¬ 
acteristic  is  this  that  any  history  of  an  unexplained  substantial  loss  in 
weight  should  immediately  raise  the  suspicion  of  cancer.  The  means 
whereby  such  an  effect  is  exercised  are  not  clear.  Contributory  factors 
are  undoubtedly  loss  of  appetite  and  an  inability  on  the  part  of  the 
intestinal  tract  to  digest  fully  the  food  consumed.  Another  factor  is 
the  increased  break-down  of  protein  in  the  body.  This  is  associated, 
in  advanced  cachexia,  with  albuminuria  and  excretion  of  acetone  and 
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aceto-acetic  acid.  At  necropsy,  in  addition  to  the  general  wasting,  there 
is  brown  atrophy  of  the  heart,  liver,  and  thyroid  gland. 

Blood 

It  has  long  been  known  that  immature  cells  may  appear  in  the 
peripheral  blood  in  advanced  stages  of  cancer.  A  more  precise  descrip¬ 
tion  has  recently  been  published  by  Vaughan  under  the  title  Teuco-  Leuco- 
erythroblastic  anaemia’  which  she  defined  as  an  anaemia  in  which 
immature  red  cells  and  a  few  immature  white  cells  of  the  myeloid 
series  are  present  in  the  peripheral  blood.  The  degree  of  anaemia  is 
variable,  ranging  in  her  series  from  2,200,000  to  5,300,000  red  cells 
per  c.mm.  A  similar  anaemia  may  be  found  in  certain  other  conditions 
but  it  is  characteristic  of  a  carcinomatosis  in  which  the  bone  marrow 
is  the  seat  of  metastatic  deposits.  Conversely,  however,  extensive 
carcinomatosis  of  the  bones  may  be  unaccompanied  by  leuco-erythro- 
blastic  anaemia.  Moreover  there  appears  to  be  no  intimate  relation 
between  this  anaemia  and  the  site  of  the  primary  growth,  the  length 
of  the  history,  the  degree  of  skeletal  involvement,  or  calcium  meta¬ 
bolism.  Macroscopically  there  is  a  great  increase  of  the  red  marrow  Changes  in 
of  the  bones,  this  red  marrow  being  found  in  sites  which  normally, 
for  the  age  of  the  patient,  should  be  occupied  by  fatty  marrow  only. 

Obviously  therefore  the  anaemia  is  not  dependent  upon  depletion 

of  the  haemopoietic  marrow  by  the  metastases.  Microscopically  the 

marrow  characteristically  contains  unusually  large  numbers  of  immature 

red  cells.  No  explanation  has  been  offered  of  the  way  in  which  the  Cause  of  the 

anaemia  is  produced.  Treatment  with  iron  or  with  liver  extracts  has 

been  ineffective;  it  appears  therefore  that  it  is  not  due  to  a  deficiency 

of  these  factors. 

Effects  upon  body  fluids 

The  hypothesis  that  cancer  is  responsible  for  some  specific  change  in 
the  body  fluids  has  been  the  basis  of  a  number  of  so-called  cancer 
tests.  These  have  received  considerable  publicity  and  not  uncommonly  AbderhaldetCs. 
forms  of  treatment  have  been  evolved  from  them.  Thus  Abderhalden’s 
test  was  instituted  for  the  diagnosis  of  pregnancy  and  later  extended 
as  a  test  for  disease  in  general  and  cancer  in  particular.  It  depended 
upon  the  presence  of  specific  ferments  in  the  blood  in  different  con¬ 
ditions.  The  specificity  of  the  ferments,  however,  was  subsequently 
disproved.  More  recently  a  test  has  been  introduced  by  Bendien  who  Bendiens 
claimed  that  in  a  cancerous  subject  the  fraction  of  serum  proteins 
precipitated  by  a  sodium  vanadate-acetic  acid  solution  and  dissolved 
in  sodium  bicarbonate  solution  gave  a  characteristic  ultra-violet  ab¬ 
sorption  curve.  These  tests,  and  others  including  the  Freund-Kaminer  Evaluation 
test,  have  been  investigated  by  groups  of  workers  at  the  London 
Hospital  and  none  has  proved  reliable.  The  results  of  these  investiga¬ 
tions  have  been  reviewed  collectively  by  Panton.  At  the  present  time 
no  substance  has  been  identified  in  the  body  fluids  of  cancerous  patients 
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upon  which  may  be  based  either  a  reliable  diagnosis  or  any  effective 

treatment. 
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Reference  may  also  be  made  to  the  following  title: 

ARTHROPODS  AND  DISEASE 


1 -FEVERS  OF  THE  TYPHUS  GROUP 

1558.1  Till  recently  the  name  typhus  fever  has  been  used  only  as  a 
designation  for  an  epidemic  continued  fever  of  a  clear-cut  clinical  and 
epidemiological  type.  Within  the  past  few  years  three  other  distinct 
forms  of  disease  have  come  to  be  recognized  as  belonging  to  the  same 
group  as  historical  typhus,  differing  sharply  from  that  disease  in  being 
primarily  diseases  of  lower  animals  which  are  not  conveyed  from  man 
to  man  but  from  animals  to  man  by  ticks,  mites,  or  fleas.  In  their 
clinical  features,  causal  organisms,  and  pathology  they  are  very  closely 
related  to  epidemic  typhus  but,  being  epizootic  diseases  which  are  only 
incidentally  conveyed  to  man,  they  are  non-epHemic  sporadic  place 
diseases.  A  brief  survey  of  these  diseases  and  their  relation  to  epidemic 
typhus  is  an  essential  preliminary  to  a  clear  understanding  of  the 
whole  group  of  typhus  fevers. 

Extensive  and  intensive  research  is  in  progress  on  the  non-epidemic 
typhus  fevers  and  a  number  of  points  remain  to  be  cleared  up,  but  it  is 
already  possible  to  give  a  simple  provisional  classification  which  will 
enable  the  practitioner  to  obtain  a  good  working  knowledge  of  their 
diagnosis  and  management.  Research  workers  tend  to  magnify  minor 
poMs  of  distinction  between  these  various  fevers  which  are  observed 
in  different  parts  of  the  world,  with  the  result  that  no  fewer  than  fifty 
names  have  been  given  to  the  tick-,  flea-,  and  mite-borne  typhus  fevers 
and  much  confusion  has  been  caused. 

Two  of  the  non-epidemic  fevers  which  are  now  generally  accepted  as 
.  members  of  the  typhus  group  have  been  well  known  for  many  years, 
namely,  the  spotted  fever  of  the  Rocky  Mountains  and^the  Japanese 
river  fever"  river  fever.  Both  these  fevers  were  known  to  resemble  epidemic  typhus 

in  their  .clinical  characters  but,  being  sporadic  place-diseases  associated 
with  life  in  the  open  country  rather  than  with  conditions  of  poverty 
and  overcrowding,  it  was  natural  that  great  hesitation  should  be  felt 
in  grouping  them  with  classical  typhus.  It  was  only  when  their  causal 
micro-organisms  a.nd  the  morbid  changes  in  the  tissues  were  found  to 
Mmim  be  very  similar  that  their  close  relation  to  typhus  was  admitted.  In  1 936 
a  third  type  of  non-epidemic  flea-borne  typhus,  usually  called  murine 
or  endemic  typhus  (see  p.  337),  was  discovered.  The  general  features 
of  the  epidemic  and  nan-epidemic  typhus  fevers  are  shown  in  the 
folowing  table  which  is  intended  for  the  practitioner  rather  than  the 
research  worker.  Their  geographical  distribution  is  shown  in  Plate  IX. 
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Epidemic 


Nok-Epidemic  or  EfIZCX)TI'C 


mmunicated  from  man  to  man 
■)y  lice.  Associated  with  famine, 
ilth,  and  overcrowding 


Sporadic  place-diseases,  communicated  from  lower 
animals  to  man  by  various  arthropods.  Mostly 
diseases  of  the  open  country.  Not  associated  with 
famine,  filth,  overcrowding,  or  lice 


Louse-Typhus  Flea-Typhus  Tick-Typhus  Mite-Typhus 


aonyms  and  Typhus  fever,  Murine  typhus, 
irieties  typhus  ex  an-  endemic  typhus, 

thematicus  urban  tropical 

typhus 


stribution  -  Cosmopolitan.  Many  localities 

Less  common  all  over  the 
in  the  tropics  world 

rus  -  -  Rickettsia  prowa-  R,  mooseri  (or 

zeki  R.  murina) 

;ctors  -  Human  lice  espe-  Fleas  (espe- 
cially  Pediculus  cially  Xenopsylla 
humaniis  corporis  cheopis) 


limal  reser-  Man  Rats  and  mice 

oirs  of  infec- 

lon 


Rocky  Mountain 
spotted  fever, 
Fihre  bouton- 
muse,  tick-bite 
fever,  Indian 
tick  typhus 
Many  localities 
in  America, 
Europe,  Africa, 
and  Asia 
R.  rickettsi  (or 
R,  Conor!) 
Various  kinds  of 
ticks  especially 
Dermacentor 
andersoni  and 
Rhipicephalus 
sanguineus 
Rodents  of  the 
wilds;  possibly 
dogs  and  other 
domestic  animals 


TsutsugamusM, 
Japanese  river 
fever,  scrub 
tropical  typhus, 
Sumatra  mite- 
fever 

Oriental  tropical 
and  subtropical 
countries 

R.  tsutsugamushi 
(or  orient alis} 
Mites  (Trombi- 
cula  akamushi 
and  T.  deliensis) 


Rats  and  mice 


:ramag-  i 

:Iutina-  \  0X19  -f  + -f 

^  ^  to  +  -f  + 

dr ,  ~r ,  or  +  d" 

-  to  dr 

ion,  re-  j  OX  K  - 

-  to  ± 

d:,  -|-,Or4-  d- 

d-  to  d-  d-  d- 

ponse  to  j 

ash  -  -  Macular  or  papu¬ 

As  in  louse-typhus 

Macular  or  papu¬ 

Macular  or  papu¬ 

lar,  often  faint. 

but  often  faint 

lar,  common  on 

lar,  often  on  face. 

Rare  on  palms, 

or  absent 

palms,  soles,  and 

rare  on  palms 

soles,  and  face 

face 

and  soles 

ocal  sore,  lym-  Nil 

Nil 

Rare  in  Rocky 

Almost  constant 

)hangitis  and 

Mountain  ty¬ 

in  Japanese 

ymphadenitis 

phus,  and  Indian 

mite- typhus: 

lortality  5  to  50  per  cent 

0  to  4  per  cent 

tick  -  typhus: 
common  in 
Fievre  bouton- 
neuse  and  other 
African  tick- 
typhus  fevers 

1  to  70  per  cent 

often  absent  in 
mite-typhus  of 
Malaya  and 
Dutch  East 
Indies 

1  to  60  per  cent 

ross  immunity 
n  animal  ex- 
aeriments 

Immunizes  Flea-typhus 

Louse-typhus 

Nil 

Nil 

against 

Does  not  Tick -typhus  ex- 

Tick-typhus 

Louse-  or  mite- 

Any  other  typhus 

immunize  cept  S.  African 

typhus.  Bouton- 

fever 

against 

muse  fever  does 
not  immunize 
against  Rocky 
Mountain  tick- 
typhus 
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Epidemic 

Communicated  from  man  to  rnan 
by  lice.  Associated  with  famme, 
filth,  and  overcrowding 


Non-Epidemic  or  Epizooitc 

Sporadic  place-diseases,  communicated  from  lower 
animals  to  man  by  various  arthropods.  Mostly 
diseases  of  the  open  country.  Not  associated  with 
famine,  filth,  overcrowding,  or  lice 


Louse-Typhus  F  lea-T  yphus 


Tick-Typhus 


Mite-Tvthus 


Scrotal  reaction 
in  guinea-pigs 


Inoculability  of 
rats 


Rare  (only  in  2 
to  20  per  cent) 


±  (dies  out  after 
2  to  3  passages) 


Common  in  mu¬ 
rine  typhus; 
slight  or  absent 
in  Malayan  flea- 
typhus 


to  -T-  +  + 


-f  4-  -r  in  virulent 
Rocky  Moun¬ 
tain  tick-typhus; 

-  to  ±  in  boil- 
tonneuse  and 
very  mild  Rocky 
Mountain  tick- 
typhus 

-  to  ±  in  bou- 
tonneuse  fever 


-  to  ±  except  in 
the  Queensland 
mite-typhus  in 
which  it  is  4- 
to  4-  -r 


-  to  4-  in  Japan¬ 
ese  mite-typhus; 
4-  to  4-  4-  in 
other  mite- 
typhus  fevers 


The  classification  adopted  in  the  table  does  not  claim  to  be  final,  but 
the  principles  on  which  it  was  based  when  I  proposed  it  in  1921  are 
now  widely  accepted.  These  were  (i)  that  the  name  typhus  should  be 
appUed  to  hi  the  fevers  of  the  group  as  this  provides  a  helpful  suggestion 
to  the  practitioner  who  encounters  a  continued  fever  with  the  general 
characters  of  a  typhus  fever,  and  (ii)  that  the  name  of  the  arthropod 
Epidemic  vector  concerned  should  be  applied,  as  this  indicates  the  chief  epidemic- 
lomcal  feature  of  the  disease.  An.  important  later  modification  consisted 
SSm  in'the  division  of  the  fevers  of  the  typhus  group  into  two  main  classes, 
namely,  epidemic  and  non-epidemic  typhus  fevers,  with  the  intention 
of  emphasizing  the  essential  difference  between  epidemic  louse-borne 
t\pliES,  the  virus  of  which  is  directly  communicated  from  man  to  man, 
and  the  non-epidemic  fevers  conveyed  by  ticks,  mites,  and  fleas,  which 
are  primarily  diseases  of  the  lower  animals  and  are  sporadic  place- 
diseases  communicated  from  animals  to  man  by  their  respective  vectors. 
Louse-borne  typhus  is  a  disease  of  poverty,  overcrowding,  and  louse- 
infestation,  whereas  the  non-epidemic  typhus  fevers  are  diseases  of 
persons  living  in  association  with  the  animals  which  form  the  reservoirs 
of  infection,  usually  in  the  open  country.  The  practitioner  will  ^some¬ 
times  be  unable  to  determine  whether  in  a  given  case  of  non-epidemic 
typhus  the  vector  is  a  tick,  mite,  or  flea;  but  if,  as  is  usually  the  case,  he 
can  decide  that  the  fever  is  conveyed  by  one  or  other  of  these  three 
arthropods  and  not  by  lice  he  will  be  relieved  of  the  great  load  of 
responsibility  which  would  have  rested  on  him  if  the  case  had  been  one 
of  louse-borne  typhus. 

Mexican  ami  A  reservation  must  be  made  in  the  case  of  the  Mexican  flea-borne 
typhus  fever  {tabardilld)  which  in  its  severe  form  has  a  mortality  of  20 
to  40  per  cent  and  is  believed  to  be  transmissible  by  both  fleas  and  lice. 
The  Manchurian  flea-borne  typhus,  though  usually  mild,  is  also  believed 
to  be  transmissible  by  fleas  and  lice.  These  two  forms  of  flea-borne 
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typhus  differ  so  strikingly  from  the  many  other  local  forms  found  all 
over  the  world  that  they  represent  a  difficult  problem.  At  present  they 
should  be  classed  as  louse-borne  epidemic  typhus  from  the  point  of 
view  of  their  practical  management. 

The  table  shows  the  great  variability  in  the  serum  reactions  in  tick 
typhus  and  in  the  results  of  animal  inoculations  with  the  various  kinds  ^ 
of  virus.  These  variations  may,  to  some  extent,  be  accounted  for  by 
differences  in  virulence  of  the  infecting  organisms  but  they  also  suggest 
that  undue  reliance  cannot  be  placed  on  such  tests  as  scrotal  reactions 
in  guinea-pigs  or  the  susceptibility  of  experimental  animals. 

The  point  on  which  the  practitioner  can  and  must  have  clear  ideas  is  Transmission 
the  transmissibility  or  non-transmissibility  of  the  infection  from  man  to  ^ 

man  in  natural  conditions.  With  regard  to  this  there  can  be  little  doubt 
except  in  the  ambiguous  cases  of  Mexican  and  Manchurian  typhus,  for 
of  all  the  thousands  of  cases  of  non-epidemic  typhus  fevers  which  have 
been  under  treatment  there  is  no  record  that  infection  has  been  conveyed 
from  the  patient  to  the  attendants,  despite  the  fact  that  many  patients 
have  been  treated  before  the  relation  of  the  disease  to  epidemic  typhus 
was  suspected.  General  clinical  and  epidemiological  investigation  must 
still  play  a  very  important  part  in  connexion  with  the  typhus  fevers, 
though  it  is  certain  that  fuller  knowledge  of  their  experimental  char¬ 
acters  will  eventually  solve  the  remaining  problems  connected  with 
them. 

2.-EPIDEMIC  OR  LOUSE-BORNE  TYPHUS  FEVER 

-Typhus  fever;  typhus  exanthematicus ;  camp  fever;  jail 
fever;  famine  fever) 

(1) — ^Definition  and  History 

1 559.]  Louse-typhus  is  an  epidemic  continued  fever  caused  by  a  rickettsia 
body,  Rickettsia  prowaieki,  which  is  conveyed  from  man  to  man  by 
human  lice. 

Epidemic  typhus  fever  is  a  disease  of  great  antiquity;  some  of  the  cases  Earliest 
of  epidemic  fever  described  by  Hippocrates  were  undoubtedly  typhus. 

The  earliest  clear  account  of  the  disease  was  written  in  1546  by  Fracas- 
torius  who  described  a  Tebris  pestilens’  which  prevailed  in  Italy  in  1508 
and  1528  and  on  each  occasion  followed  a  great  famine.  Since  that  time 
there  have  been  many  accounts  of  great  epidemics  of  the  disease  in 
Europe  and  the  British  Isles,  chiefly  in  times  of  famine.  Numerous 
outbreaks  have  been  described  in  military  camps,  jails,  ships,  and  law 
courts.  In  some  epidemics  a  large  proportion  of  the  population  of  the 
affected  areas  suffered  from  the  disease.  Although  some  of  the  accounts 
of  epidemics  are  vivid  descriptions  of  typhus,  others  are  ambiguous 
because  of  the  coexistence  of  typhoid  fever,  relapsing  fever,  or  plague 
which  were  not  differentiated  from  typhus  till  about  a  hundred  years 
ago. 

The  name  typhus  came  into  use  about  1800;  until  then  the  disease  had  Nomenclature 
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passed  under  many  different  names;  Murchison  (1873)  gave  a  list  of 
about  100  synonyms.  Some  of  the  names  indicated  the  contagiousness 
of  the  disease,  others  its  epidemic  nature  or  its  prevalence  in  camps, 
prisons,  hospitals,  ships,  oi  in  time  of  famine.  Many  of  the  titles 
referied  to  the  eruption  or  to  the  '■malignancy'  and  putridity  of  the 
disease.  Since  1837,  when  Stille  and  Gerhard  independently  showed 
that  typhoid  fever  was  a  separate  disease,  the  names  typhus  fe\er  and 
typhus  exanthematicus  have  been  almost  universally  adopted. 

In  1844  Henderson  differentiated  relapsing  fever  from  typhus.  In  1862 
Murchison  emphasized  the  contagiousness  of  the  disease,  but  believed 
that  the  disease  was  caused  by  a  poison  generated  from  time  to  time 
de  novo  in  the  exhalations  of  living  human  beings  by  overcrowding  and 
^tst  attempt  bad  ventilation.  In  1868  Hallier  of  Jena  claimed  to  have  cultivated  the 
0  cultivate  ‘contasion’  on  the  cut  surface  of  a  lemon  on  which  he  had  smeared 
.rgamsm  ^  patient.  The  growth  which  he  obtained  was  a 

fungus,  Rhizopus  nigricans.  The  interest  of  this  experiment  was  that  it 
showed  how  some  observers,  even  then,  were  groping  for  the  parasite 
of  the  disease. 

^irst  In  1909  C.  Nicolle  produced  tke  disease  in  a  chimpanzee  by  sub- 

rammissioit  cutaneous  inoculation  of  blood  from  a  patient,  and  in  the  same  year  he, 
^omimah  Conseil,  transmitted  the  disease  to  monkeys  by  the 

isobtion  of  bites  of  lice  which  had  fed  on  an  infected  chimpanzee.  In  1910  Ricketts 
organisms  Wilder  described  pleomorphic  organisms  in  the  bodies  of  infected 

lice;  these  organisms  were  studied  later  by  Prowazek  and  da  Rocha- 
Lima  (1916),  and  were  accurately  described  by  the  latter  who  called 
them  Rickettsia  prcwazeki. 

In  1910  W.  J.  Wilson  found  that  certain  bacteria  of  the  coH  group 
which  he  had  isolated  from  typhus  patients  were  agglutinated  by  highly 
diluted  sera  of  patients  with  the  disease,  but  he  disclaimed  any  sugges¬ 
tion  that  the  serum  response  proved  the  bacteria  to  be  the  cause  of  the 
disease. 

Weil-FelLx  In  1916  Whil  and  Felix,  using  a  different  organism^  {Bacillus  proteus 
reaction  Y  19)  which  had  also  been  isolated  from  typhus  patients,  worked  out 
the  test  known  by  their  names.  The  name  ‘Wilson-Weil-Felix’  would 
seem  a  more  appropriate  title  as  the  principle  on  which  the  reaction 
is  based  was  first  discovered  by  Wilson. 

(2)— Aetiology 

Geographical  The  geographical  distribution  is  much  the  same  as  that  of  relapsing 
distribution  except  that  epidemic  typhus  does  not  so  readily  establish  itself  in 

tropical  countries  (see  Plate  IX).  Over  large  areas  in  India  and  tropical 
Africa  great  epidemics  of  relapsing  fever  have  occurred,  but  louse- 
borne  typhus  has  not  been  recorded.  The  distribution  of  the  disease  is 
much  more  restricted  than  formerly;  most  of  the  countries  of  Western 
Europe  and  the  United  States,  which  were  formerly  visited  by  frequent 
epidemics,  are  now  entirely  free  from  epidemic  typhus.  The  disease  is 
liable  to  become  epidemic  in  any  country  which  has  a  louse-infested 
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population  and  a  fairly  .long  cool  season.  Epideni,ics  have  occurred 
during  recent  years  in  eastern  Europe,  especially  in  Poland,  Russia, 

Ukraine,  and  Rumania.  In  Africa,  Egypt,  South  Africa,  Algeria, 

Morocco,  and  Tunis  have  had  severe  outbreaks;  in  Asia,  Siberia,  Corea, 

Manchuria,  northern  China,  and  Asia  Minor  have  had  outbreaks;  in 
America,  Mexico,  Bolivia,  and  Peru  have  reported  nu.merous  cases. 

Lesser  outbreaks  have  occurred  in  .many  subtropical  and  temperate 
regions.  During  and  after  the  War  1914-18  extensive  epidemics  ravaged 
most  of  the  countries  of  eastern  Europe. 

Most  of  the  cases  in  the  northern  hemisphere  occur  between  October  Seasonal 
and  June;  the  disease  usually  dies  down  during  the  hot  season  when 
louse  infestation  is  low  and  the  opportunities  for  transmission  of  the 
virus  are  relatively  few. 

Both  sexes  and  all  ages  are  equally  susceptible,  although  children  may  Age  and  sex 
seem  to  be  immune  because  in  them  the  disease  is  mild.  incidence 

(3) — ^Bacteriology  and  Morbid  Anatomy 
The  virus  is  now  generally  accepted  as  Rickettsia  prowazeki;  it  is  Causal 
conveyed  from  m.an  to  man  by  the  human  louse,  Pediculus  humanus, 
especially  the  body  louse,  P.  humanus  corporis^  wEich  seems  to  be  a 
more  effective  vector  than  P.  humanus  capitis.  The  virus  is  prese.nt  in 
the  blood  and  organs  during  the  acute  stages  of  the  disease,  and  to  a 
lesser  extent  during  convalescence,  but  it  soon  ceases  to  be  transmissible 
by  lice  even  though  it  is  believed  to  persist  for  long  periods  in  the 
bodies  of  persons  who  have  suffered  from  the  disease. 

Lice  which  have  fed  on  infected  persons  are  incapable  of  convey-  Cycle  in  the 
ing  the  disease  by  their  bites  for  8  to  10  days,  but  thereafter  remain 
infective  for  the  rest  of  their  lives.  The  rickettsia  bodies  multiply 
exceedingly  in  the  epithelial  cells  of  the  mid-gut  of  the  infected  louse. 

It  is  doubtful  if  lice  are  able  to  transmit  the  virus  to  their  offspring. 

The  maintenance  of  infection  during  periods  between  epidemics  is 
probably  by  means  of  mild  hnapparent’  attacks,  especially  in  children. 

Rickettsia  bodies  are  also  found  in  small  numbers  in  the  endothelial 
ceils  of  the  small  blood-vessels  of  persons  who  have  died  of  the  disease. 

They  are  pleomorphic,  resembling  small  bacteria  or  cocci,  stain  with 
Giemsa’s  stain.,  and  are  Gram-negative.  They  do  not  grow  on  ordinary 
media  but  multiply  rapidly  in  tissue  cultures  and  in  live  chick-embry^os. 

Monkeys  are  susceptible  to  the  virus,  so  also  are  guinea-pigs  in  which  Susceptibility 
the  virus  can  be  maintained  for  many  generations  though  the  disease 
is  mild  and  scrotal  reactions  are  absent  or  slight  unless  the  animals  have 
been  devitalized  in  some  way.  The  virus  cannot  be  maintained  in  rats 
for  more  than  two  or  three  generations  although  rats  are  very  susceptible 
to  most  of  the  strains  of  Rickettsia  found  in  the  non-epidemic  forms  of 
typhus. 

Some  workers  believe  that  the  rickettsia  bodies  are  developmental  Relation  to  ^ 
stages  in  the  life  history  of  Proteus  X  19,  but  this  view  is  not  generally  Proteus  X 19. 
accepted  despite  the  apparent  specificity  of  the  Weil-Feiix  reaction. 
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European  workers  have  failed  to  transmit  the  virus  by  any  vector 
other  than  the  human  louse  and  have  been  unable  to  discover  infection 
in  rats  or  other  animals  during  epidemics.  Some  experts  believe  that 
the  virus  of  the  epidemic  typhus  of,  .Mexico  and  Manchuria  can  also 
be  conveyed  by  fleas  from  man  to  rats  and  .from  rats  to  man,  but  in 
the  rest  rf  the  world  the  evidence  points  strongly  to  the  louse  as  the 
sole  vector.  Lice  are  believed  to  convey  infection  either^  di,rectly  by 
their  bites  or  bv  depositing  infected  faeces  on  the  skin;  in  the  latter 
event  the  virus  would  enter  the  body  through  the  wound  made  by  the 
insect  in  biting  or  more  probably  through  an  abrasion.  Several  workers 
have  died  of  typhus  contracted  in  the  course  of  their  experiments  with 

infected  lice.  cr  . 

One  attack  confers  immunity,  but  this  gradually  wears  off  and  second 

attacks  after  intervals  of  a  few  years  have  been  recorded,  these  are 
usually  milder  than  first  attacks.  According  to  some  workers  the 
im,munity  consists  of  ‘prem,umzation’  due  to  the  persistence  of  the 
virus  in  the  body  for  long  periods  after  the  attack. 

The  characteristic  lesions  are  minute  nodules  in  the  walls  of  the  small 
blood-vessels  of  the  brain,  kidneys,  and  other  organs,  consisting  of 
collections  of  mononuclear  leucocytes  and  more  or  less  necrosed 
endothelial  cells  of  the  blood-vessels.  This  necrosis  of  the  blood-vessels 
is  believed  to  be  the  cause  of  the  haemorrhages  which  occur  in  severe 
cases. 

(4) — Clinical  Picture  and  Course 

Epidemic  typhus  varies  in  severity  from  mild  finapparent’  attacks  to 
severe  and  rapidly  fatal  forms.  The  incubation  period  is  usually  from 
8  to  14  days,  the  extremes  being  4  and  20  days.  It  tends  to  be  longer 
in  mild  attacks  and  shorter  in  severe  cases. 

The  onset  is  usually  rapid  or  sudden,  with  chills  or  rigors  and  frontal 
headache.  Pains  in  the  back  and  limbs  are  common.  Vomiting  occurs 
in  25  to  50  per  cent  of  the  cases.  The  symptoms  steadily  increase  w,ith 
the  rise  of  the  temperature  to  its  maximum  of  102  to  105°  F.  which  is 
reached  within  36  to  48  hours  as  a  rule.  After  3  or  4  days  the  face 
becoiii,€s  dusky  and  fl,ushed  and  the  conjunctivae  are  injected.  Insom.nia 
occurs  in  50  per  cent  of  cases  and  may  be  accompanied  by  slight 
delirium,.  A  dry  cough  is  common  at  this  stage.  The  onset  differs  chiefly 
from  that  of  enteric  fever  in  its  greater  rapidity  and  in  the  earlier 
appearance  of  nervous  symptoms.  By  the  end  of  the  fourth  or  fifth 
day  the  patient  may  already  be  in  the  ‘typhoid  state’. 

In  most  cases  the  rash  appears  on  the  fourth  or  fifth  day  but  it  may  be 
delayed  till  the  sixth  or  seventh.  Small  rose-red  papules  or  macules  are 
first  seen  on  the  sides  of  the  chest,  soon  spreading  to  the  rest  of  the 
trunk  and  to  the  limbs.  The  spots  are  numerous,  fade  on  pressure  at 
first,  hut.  soon  become  deep  red  and  then  brownish  and  cease  to  dis¬ 
appear  on  pressure.  In  severe  cases  the  spots  often  have  a  haemorrhagic 
point  at  their  centre  surrounded  by  a.  brown  mottling.  By  the  tenth  to 
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the  twelfth  day  the  spots  begin  to  fade,  leaving  a  brownish  discoloration 
which  may  persist  for  some  days  or  even  for  two  weeks.  The  eruption 
varies  greatly  in  appearance.  In  mild  cases,  especially  in  pigmented 
skins,  it  may  be  difficult  to  detect,  even  on  careful  examination;  in 
severe  cases  groups  of  haemorrhagic  spots  may  coalesce  to  form 
purpuric  patches.  A  point  of  diagnostic  importance  is  that  the  spots 
seldom  appear  on  the  face,  palms,  or  soles. 

Some  of  the  many  types  of  temperature  curve  are  shown  in  Fig.  22.  Temperature 
The  commonest  type  shows  a  rapid  rise  followed  by  a  period  of  con- 


Fig.  22.— Temperature  charts  in  louse-typhus.  (This  and  Fig.  23  from 
Tropical  Diseases,  by  Rogers,  L.,  and  Megaw,  J.) 


tinued  fever  lasting  about  a  week  in  which  there  may  be  remissions  of 
two  or  even  three  degrees.  By  the  tenth  to  the  thirteenth  day  the 
temperature  begins  to  fall  by  crisis  or  rapid  lysis.  The  total  duration 
of  the  fever  is  usually  12  to  16  days,  but  in  very  mild  cases  it  may  be  as 
short  as  a  week  and  in  these  cases  the  fever  may  be  deeply  remittent 
or  even  intermittent. 

The  pulse  is  rapid  at  first  but  soon  becomes  slower  than  would  be  Orcuktory 
expected  from  the  height  of  the  temperature.  A  low  blood-pressure 
and  tendency  to  heart  failure  are  important  features,  not  only  towards 
the  end  of  the  febrile  period  but  also  during  early  convalescence.  A 
moderate  degree  of  leucocytosis  is  usual,  but  there  may  be  leucopenia. 
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The  red  blood-cells  may  exceed  five  millions  per  cubic  miliimetre  and 
the  haemoglobin  may  exceed  lOO  per  cent.  The  spleen  is  palpable  in 
about  25  per  cent  of  cases  „ 

The  tongue  is  coated  and  often  dry;  sordes  appear  on  the  lips  and  teeth. 
Constipation  is  usual  but  there  m,ay  be  diarrhoea  especially  towards  the 
crisis,  ‘critical  diarrhoea’.  Tympanites  is  not  so  common  as  in  enteric 
fever.  Apart  from  occasional  febrile  albuminuria  the  kidneys  are  little 
affected  in  mild  cases,  but  in  fulminant  cases  there  may  be  severe 
haemorrhagic  nephritis.  Early  frontal  headache  is  often  followed  by 
delirium  which  may  be  of  the  low"  muttering  type  or  noisy  and  violent 
Insomnia,  apathy^  and  drowsiness  are  common  and  may  appear  within 
the  first  tw"0  or  three  days.  Slight  bronchitis  often  occurs  and  broncho- 
pneimionia  is  one  of  the  common  causes  of  death. 

Thrombosis  of  the  femoral  vein  is  an  occasional  complication. 
Gaii.gTeiie  of  the  toes  has  been  reported  in  1  to  4  per  cent  of  the  cases. 
Parotitis  occurs  in  2  to  4  per  cent  of  cases  and  is  sometimes  suppurative. 
Bed-sores  are  common  in  severe  cases  when  the  nursing  arrangements 
are  bad. 


(5) — ^Piognosis 

Mortality  The  death-rate  varies  greatly  in  different  epidemics.  In  an  average 
t}p)e  of  outbreak  affecting  people  of  all  ages  the  mortality  ranges  from 
10  to  20  per  cent,  but  in  vdrulent  outbreaks,  among  famine-stricken 
people,  it  may  be  50  per  cent  or  higher.  In  fatal  cases  death  usually 
occurs  from  the  eighth  to  the  fifteenth  day,  and  more  patients  die  on 
Jiifluen.ce  of  the  eleventh  day  than  on  any  other.  Age  is  a  very  important  factor;  for 
example  in  an  epidemic  with  a  total  mortality  of  15  per  cent  the  death- 
rates  at  various  ages  will  be  approximately:  under  5  years  5  per  cent, 
betvv^een  5  and  10  years  4  per  cent,  between  10  and  20  years  3*5  per  cent, 
and  between,  20  and  30  years  10  per  cent;  from  the  age  of  30  it  rises 
progressively  so  that  by  the  age  of  60  it  may  be  50  per  cent  and  it  reaches 
UnfawuraMe  70  or  80  per  cent  in  patients  over  65.  The  early  appearance  of  delirium 
features  Stupor,  a  haemorrhagic  eruption  or  other  haemorrhages,  broncho¬ 

pneumonia,  and  thrombosis  of  the  large  v^eins  are  unfavourable 
features. 


{€) — ^Diagnosis  and  Differential  Diagnosis 
During  an  established  epidemic  there  will  seldom  be  any  difficulty  i,n 
diagnosis,  but  the  earliest  cases  are  often  overlooked.  All  cases  of  fever 
with  sudden  onset  occurring  in  a  louse-infested  commuji.ity  should  be 
regarded  with  suspicion  and  treated  as  cases  of  typhus  until  the  cause 
of  the  fever  has  been  satisfactorily  explained  or  until  typhus  can  be 
excluded.  Before  the  appearance  of  the  rash  there  is  no  criterion  by 
which  a  defi„nite  diagnosis  can  he  made  but  it  is  most  important  that 
suspicion  should  be  aroused  at  the  earliest  poss,ible  moment  so  that 
steps  may  taken  prevent  the  spread  of  infection.  The  presence  of 
lice  and  the  history  of  contact  with  other  cases  are  important  evidence. 
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The  Weil-Felix  test  is  of  great  value  but  it  may  not  be  positive  till  Weil-Felix 
about  the  tenth  day.  The  test,  however,  should  be  carried  out  as  early 
as  possible  as  a  rise  in  the  titre  of  the  reaction  is  a  valuable  indication; 
for  example  a  titre  which  rises  from  1  in  20  to  1  in  100  is  far  more 
significant  than  one  which  remains  constantly  at  the  level  of  1  in  100. 

A  reliable  0  strain  of  Proteus  X 19  must  be  used,  and  reactions  of  less 
than  1  in  200  should  not  be  regarded  as  diagnostic  unless  the  titre  of  the 
response  has  risen  greatly  from  the  onset.  By  the  twelfth  to  the  sixteenth 
day  or  so  the  reaction  will  often  have  become  positive  in  dilutions 
of  1  in  1,000  or  more.  During  convalescence  the  response  gradually 
becomes  more  feeble,  so  that  the  reaction  may  be  negative  in  the  third 
or  fourth  w^eek  of  convalescence. 

Flea-borne  typhus  may  resemble  mild  epidemic  typhus  so  closely  that  Diagnosis 
a  differential  diagnosis  may  be  impossible  unless  the  epidemiological 
features  of  the  case  give  a  clear  indication.  Not  only  may  the  symptoms  typhus 
be  the  same,  but  the  Weil-Felix  reaction  also  gives  the  same  results  in 
both  cases.  Evidence  of  contact  with  other  cases  of  epidemic  typhus 
may  clear  up  the  difficulty,  but  doubtful  cases  should  be  assumed  to  be 
louse-borne  typhus  and  suitable  precautions  taken. 

Tick-typhus  may  also  be  very  like  louse-typhus,  but  the  character  of  Fmm 
the  rash  and  its  distribution  are  different;  the  circumstances  usually 
leave  no  doubt,  as  tick-typhus  is  essentially  a  disease  of  the  open  country 
and  louse  infestation  is  usually  absent. 

From  enteric  fever  the  diagnosis  is  by  blood-culture,  the  characters  of  From  enteric 
the  rash,  and  the  serum-reactions.  A  source  of  error  is  that  in  persons 
who  have  been  inoculated  with  T.A.B.  vaccine  the  titre  of  the  Widal 
reaction  often  rises  steadily  even  in  cases  of  typhus  fever. 

(7) — Treatment 
Preventive 

This  is  on  exactly  the  same  lines  as  in  louse-borne  relapsing  fever  (see 
Vol.  X,  p.  591).  Thorough  delousing  of  all  patients  and  contacts  invari¬ 
ably  proves  successful  in  stamping  out  the  disease.  Preventive  inocula-  Vaccine 
tion  by  several  different  methods  has  been  employed  on  a  large  scale. 

Weigl  thoroughly  tested  a  method  which  involves  the  cultivation  of  Welgi's 
the  virus  in  lice.  He  worked  out  an  ingenious  method  of  inoculating  the 
insects  per  rectum  by  the  introduction  of  capillary  tubes  containing  the 
virus.  By  feeding  the  insects  on  blood  introduced  in  the  same  way  large 
quantities  of  rickettsia  bodies  are  obtained.  The  mid-guts  of  the  infected 
lice  are  separated  and  emulsified  in  a  weak  carbolic  acid  solution.  This 
killed  vaccine  has  considerable  protective  power  but  is  expensive  and 
not  obtainable  on  the  open  market.  The  method  is  specially  valuable  in 
the  protection  of  research  workers,  doctors,  and  attendants  on  the  sick. 

Blanc  vaccinated  many  thousand  persons  in  French  Morocco  with  the  BhnFs 
live  virus  of  flea-borne  ‘murine  typhus’.  Guinea-pigs  are  inoculated 
with  this  virus  and  killed  after  the  full  development  of  the  infection; 
their  organs  are  emulsified  and  treated  with  ox  bile  to  attenuate  the 
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virus  F^om  a  single  guinea-pig  one  thousand  doses  of  live  attenuated 
vaccine  can  be  obtained;  this  must  be  used  at  once  for  mass  inoculation. 
Excellent  results  have  been  obtained,  but  rather  severe  reactions  lollovv 
in  a  considerable  proportion  of  European  subjects  though  in  very  few 
of  the  indigenous  population.  As  a  few  fatalities  have  been  reported, 
the  method^cannot  be  regarded  as  free  from  risk.  The  vaccine  appears  to 
produce  a  mild,  usually  inapparent,  attack  of  flea-borne  typhus  which 
protects  against  the  closely  related  virus  of  louse-borne  typhus.  _ 

Several  either  methods  of  protective  inoculation  have  been  tried  but 
are  not  yet  available  for  general  use.  Delousing  must  still  be  considered 
the  best  and  safest  method  of  prevention. 

(2llTQtlV€ 

There  is  no  reliable  specific  treatment  for  epidemic  typhus  fever.  The 
serum  of  convalescents  has  been  used  in  doses  of  20  to  50  c.c.  sub¬ 
cutaneously,  with  some  degree  of  success,  but  great  care  is  needed  in 
the  selection  of  a  donor  lest  the  cure  should  be  worse  than  the  disease. 
Some  work  has  been  done  on  the  preparation  of  a  curative  serum  from 
animals,  but  this  has  not  yet  reached  the  stage  at  which  the  treatment  is 

available  for  general  use.  _ 

The  important  points  in  treatment  are  complete  rest  m  a  well  ventilated 
room,  light  nourishing  diet,  plenty  of  water  to  drink,  and  careful 
e  nursing.  Otherwise  the  treatment  is  symptomatic.  Morphine  and  small 
doses  of  brandy  are  considered  useful  by  some  physicians  who  have 
axeat  experience  of  the  disease. 

'’it  is  very  important  that  the  patient  should  be  thoroughly  deloused 
at  the  earliest  possible  moment,  and  that  his  clothing  and  bedding 
should  be  disinfected.  In  many  cases  in  which  these  precautions  have 
not  been  taken,  doctors,  nurses,  and  other  attendants  have  become 
infected  and  many  valuable  lives  thus  lost. 


(8) — ^Brill’s  Disease 

iistorical  This  is  a  mild  form  of  typhus  about  which  there  has  been  much 
controversy  since  it  was  first  described  by  Brill  of  New  York  in  1898. 
Brill  recognized  the  resemblance  of  the  disease  to  mild  forms  of  classical 
typhus,  but  as  the  disease  was  strictly  sporadic  and  was  never  com¬ 
municated  from  man  to  man  he  concluded  that  it  was  a  new  and 
different  disease.  In  1912  it  was  found  that  inoculation  with  the  virus 
of  this  disease  protected  animals  against  the  virus  of  epidemic  typhus 
and  so  it  came  to  be  regarded  as  an  inter-epidemic  form  of  epidemic 
typhus.  In  1926  Maxey  suggested  that  the  disease  was  conveyed  by 
fleas  and  when  Nicolle  in  1933  described  'typhus  inurin'  as  a  flea-borne 
form  of  typhus  it  was  naturally  assumed  that  Brill’s  disease  was  of 
the  same  nature,  and  it  came  to  be  regarded  as  a  form  of  endemic  or 
flea-borne  typhus. 

Motion  ta  Zinsser  showed  that  the  virus  of  Brill’s  disease  is  essentially  the  same 
epickmic  epidemic  typhus  and  that  nearly  all  the  attacks  occurred 

y  in  persons  who  had  originally  come  from  some  European  country  in 
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which  epidemic  typhus  was  commoii.  It  is  therefore  impossible  to  doubt 
that  the  disease  is  a  late  recrudescence  of  an  old  attack  of  epidemic 
typhus,  the  virus  having  persisted  in  the  bodies  of  the  patients  for 
indefinite  periods,  often  ten  to  twenty  years  or  more.  Although  500 
cases  have  occurred  in  New  York  alone  since  1910  there  has  been  no 
case  in  which  the  infection  has  been  communicated  to  other  persons 
so  that  the  virus  must  have  lost  its  powder  to  infect  lice. 

The  name  Brill’s  disease  should  be  restricted  to  late  recrudescences  Definition 
of  attacks  of  epidemic  louse-borne  typhus  and  should  not  be  used  as  a 
synonym  for  flea-borne  ‘endemic’  typhus.  From  the  point  of  view  of  Resemblance 
the  practitioner  there  is  little  difference  betw^een  BriU’s  disease  and 
flea-borne  typhus;  both  are  mild  diseases  and  both  are  incapable  of 
being  transmitted  directly  from  man  to  man  by  lice.  BrilFs  disease 
must  often  occur  in  countries  where  epidemic  typhus  is  common  as 
there  is  no  reason  to  believe  that  late  recrudescences  of  louse-typhus 
are  restricted  to  immigrants  to  the  U.S.A. 


3.-NON-EPIDEMIC  OR  EPIZOOTIC  TYPHUS  FEVERS 

1560.]  These  are  primarily  diseases  of  animals  and  are  only  incidentally 
conveyed  to  man  by  ticks,  mites,  and  fleas.  The  table  on  pages  327 
and  328  shows  the  relation  of  these  diseases  to  epidemic  typhus. 

(1) — Flea-Typhus 

{Synonyms. — Murine  typhus;  endemic  typhus;  urban  tropical  typhus; 
shop  typhus;  X  19  tropical  typhus;  Hone’s  disease;  ship  typhus) 

(a)  Definition  and  History 

The  disease  is  one  of  the  non-epidemic  typhus  fevers  and  is  caused 
by  Rickettsia  mooseri  (more  suitably  named  R.  nmrind).  The  virus  is 
conveyed  to  man  from  infected  rats  or  other  rodents  by  fleas  (Xenopsylla 
cheap  is). 

In  1926  Maxcy  suggested  that  the  sporadic  typhus-like  fever  of  North  Eistorj 
America  was  conveyed  by  fleas  from  infected  rats  to  man.  In  1931 
Dyer  and  others  conveyed  infection  from  rats  caught  in  infected  areas 
to  guinea-pigs  by  rat-fleas.  In  1933  Nicolle  described  typhus  murin,  a 
fever  occurring  in  French  warships  in  the  Mediterranean,  and  held 
that  the  infection  was  conveyed  from  infected  rats  to  man  by  rat-fleas. 

Although  the  disease  has  been  so  recently  identified  it  has  already  been 
found  to  be  endemic  in  many  parts  of  the  world.  Several  diseases  which 
had  been  previously  described  as  fevers  of  unknown  aetiology  are  now 
known  to  be  flea-borne  typhus;  these  include  the  urban  form  of  tropical 
typhus,  the  endemic  typhus  of  North  America,  and  Hone’s  disease. 

The  name  ‘flea-typhus’  is  suggested  as  being  preferable  to  ‘murine  Nomenclature 
typhus’  or  ‘endemic  typhus’;  all  the  non-epidemic  typhus  fevers  are 
endemic  diseases,  and  mite-typhus  is  also  murine.  The  only  objection 
that  can  be  raised  to  the  name  ‘flea-typhus’  is  that  it  may  be  regarded 
as  implying  that  the  virus  can  never  in  any  circumstances  be  conveyed 
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in  other  ways  than  by  the  flea.  So  long  as  it  is  understood  that  no  dog¬ 
matic  assertion  of  this  kind  is  involved  in  the  use  of  the  name  it  seems 
to  be  the  most  appropriate  yet  suggested. 

{b)  Aetiology 

The  disease  is  endemic  in  many  countries  all  over  the  world  (see 
Plate  IX)  The  best  known  foci  are  in  the  countries  round  the  Mediter¬ 
ranean,  the  eastern  States  of  the  U.S.A.,  South  Africa,  the  Malay 
Peninsula,  the  Dutch  East  Indies,  Mexico,  and  Manchuria.  Other  foci 
are  known  to  exist  in  South  America,  Russia,  Australia,  India,  and 
elsewhere  and  it  is  probable  that  the  distribution  of  the  disease  will  be 
found  to  be  almost  w’orld-wide. 

(c)  Bacteriology  and  Morbid  Anatomy 
The  disease  is  primarily  an  epizootic  of  rats  and  nuce,  possibly  also 
of  other  rodents.  Its  cause  is  Rickettsia  mooseri,  which  is  very  closely 
related  to  R.  prowazeki.  The  virus  is  conveyed  from  rat  to  rat  and 
from  rat  to  man  by  Xenopsylla  cheopis,  possibly  also  by  other  fleas. 

In  localities  in  which  the  disease  occurs  it  is  usually  found  Aat  a 
number  of  rats  harbour  the  virus.  The  virus  differs  from  that  of  epidemic 
typhus  in  causing  a  mild  disease  which  is  not  communkable  from 
man  to  man  by  lice,  and  in  causing  a  disease  in  rats  which  is  com¬ 
municable  to  other  rats  and  to  man  by  rat-fleas.  The  virus  differs  from 
R.  prowazeki  in  certain  other  experimental  features  but  it  is  similar  in 
the  serological  response.  Some  workers  believe  that  R.  murina  is  the 
ancestral  form  oi  R.  proivurefc/ which  for  unknown  reasons  has  become 
modified  and  capable  of  being  transmitted  from  man  to  man  by  lice. 
Nicolle,  on  the  other  hand,  regarded  the  louse  virus  as  the  ancestral 
strain.  One  important  difficulty  remains  to  be  cleared  up;  Mooser  and 
others  hold  that  the  typhus  of  Mexico  (tabardillo)  and  the  typhus  of 
Manchuria  are  capable  of  being  conveyed  by  both  fleas  and  lice,  but  flea- 
borne  typhus  in  all  other  parts  of  the  world  behaves  consistently  as  a 

purely  non-epidemic  disease  which  is  not  communicable  from  man  to  man 

and  h  essentially  epizootic.  Some  workers  believe  that  the  infection  is 
often,  or  even  usually,  conveyed  from  rats  to  man  by  direct  contact  with 
rats  or  by  ingestion  of  food  contaminated  by  the  infected  urine  of  rats. 

Little  is  known  of  the  morbid  changes  in  human  tissues  as  the  disease 
is  larelv  fatal  in  man,  but  the  lesions  in  infected  animals  are  very  similar 
to  those  caused  by  R.  prowazeki. 

{d)  Clinical  Picture 

This  differs  in  no  important  respect  from  that  of  mild  forms  of  epidemic 
typhus.  The  onset  and  course  of  the  fever,  the  rash,  and  the  Weil-Felix 
response  are  essentially  similar  though,  as  would  be  expected  from  the 
mildness  of  the  fever,  the  rash  is  often  faint  and  may  be  invisible  in 
dark  skins  or  even  in  Europeans.  The  severe  manifestations  which  are 
common  in  louse-borne  typhus  occur  only  in  the  exceptionally  virulent 
cases  of  flea-borne  typhus. 
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(e)  Prognosis 

The  mortality  raii,ges  from  0  to  4  per  cent  except  in  the  case  of  the  Mortality 
Mexican  tabardillo  in  which  it  may  be  as  high  as  40  per  cent,  but  the 
true  nature  of  this  disease  is  problematical. 

(/)  Diagnosis  and  Differential  Diagnosis 
The  occurrence  of  mild  sporadic  typhus-like  fevers  in  the  absence  of  Diagnosis 
louse  infestation  should  suggest  at  once  one  of  the  i^oii-epidemic 
typhus  fevers;  if  there  is  also  a  strongly  positive  Weil-Felix  response  to  typhus  fevers 
Proteus  OX  19  and  a  negative  response  to  OXK  the  probability  of  the 
disease  being  flea-typhus  is  greatly  increased.  The  final  differentiation 
from  the  other  non-epidemic  typhus  fevers  will  depend  partly  on  the 
character  and  distribution  of  the  rash  and  on  the  epidemiological 
conditions  in  which  the  infection  has  been  acquired,  especially  the 
presence  of  infected  rats  in  the  locality  and  the  association  of  the  patient 
with  rats.  Animal  experiments  may  be  helpful,  but  even  experts  often 
find  it  difficult  to  decide  which  of  the  viruses  of  non-epidemic  fever  is 
responsible  for  a  particular  case. 

There  is  no  clinical  criterion  by  which  a  diagnosis  can  be  made  between  From  BrilPs 
flea-typhus  and  Brill’s  disease  but,  as  the  latter  form  of  typhus  is 
confined  to  persons  who  have  lived  in  countries  where  epidemic  typhus 
has  occurred,  difficulty  seldom  arises.  Inoculation  of  rats  will  usually 
settle  the  question  as  they  are  very  susceptible  to  flea-typhus  and  are 
resistant  to  the  virus  of  Brill’s  disease. 

(g)  Treatment 

Rat  destruction  is  the  most  important  method  of  prophylaxis.  Curative  Preventive 
treatment  is  on  the  same  lines  as  that  of  epidemic  typhus,  except  that  Curative 
when  the  diagnosis  of  flea-typhus  has  been  established  there  is  no  need 
to  take  elaborate  precautions  to  prevent  the  spread  of  infection  to 
persons  who  come  into  contact  with  the  patient  or  to  institute  general 
delousing  of  the  population.  In  all  cases  of  doubt,  and  in  severe  out¬ 
breaks  of  a  problematic  nature,  such  as  tabardillo,  strict  precautions 
are  essential. 

(2) — ^Tick-Typhiis 

Spotted  fever  of  the  Rocky  Mountains;  Rocky  Mountain 
fever  of  the  Eastern  type;  fievre  boutonneuse;  fievre  eruptive;  fievre  ex- 
anthematique;  Marseilles  fever;  Fievre  eschar o  noularis;  dothiendermie 
aigue;  tick-bite  fever;  typhus  of  Sao  Paulo;  typhus  of  Minas  Geraes; 

Indian  tick-typhus) 

Probably  several  strains  of  virus  are  concerned  in  the  causation  of  tick-  Nomenclature 
borne  typhus  in  various  parts  of  the  world,  but  the  clinical  and  epidemio¬ 
logical  features  of  the  different  forms  of  the  tick-borne  disease  have  so 
much  in  common  that  they  can  best  be  dealt  with  as  variants  of  one 
disease  rather  than  as  independent  entities.  More  than  twenty  different 
names  have  been  used  to  designate  tick-borne  typhus  but,  as  all  these 
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diseases  belong  to  the  typhus  group  and  all  are  conveyed  by  ticks,  it  is 
appropriate  to^call  them  ‘tick-typhus’  and  to  indicate  any  variations  in 
type  which  occur  by  some  suitable  additional  name.  The  spotted  fever 
of  the  Rocky  Mountains  was  recognized  long  before  any  of  the  other 
forms;  it  has  been  very  thoroughly  investigated  and  can  appropriately 
be  regarded  as  the  standard  form  of  the  disease.  The  other  types  can 
be  most  easily  understood  by  considering  the  respects  in  which  they 
differ  from  Rocky  Mountain  fever. 


{a)  Rocky  Mountain  Tick-Typhus 
(Sy/!o«>w.— Spotted  fever  of  the  Rocky  Mountains;  Rocky  Mountain 
fever  of  the  Eastern  type) 


Definition 


History 


This  non-epidemic  typhus  fever  is  primarily  a  disease  of  lower  animals, 
chiefly  wild  rodents.  It  is  caused  by  Rickettsia  rickettsi  which  is  con¬ 
veyed  from  animals  to  man  by  several  kinds  of  ticks  of  which  the  chief 
are  Dermacentor  mdersoni,  D.  variabilis,  and  Haemophysalis  leporis- 

palustris.  ^  ^  •  -u 

Tlie  disease  has  been  known  for  many  years  in  certain  areas  in  the 

Rocky  Mountains.  In  1904  Wilson  and  Chowning  found  that  it  was 
conveyed  from  its  reservoir  in  wild  rodents  to  man  by  ticks.  In  1909 
Ricketts  discovered  the  causal  rickettsia  bodies  in  infected  ticks.  The 
pathology  of  the  disease  was  described  by  Wilson  and  Chowning  in  1 902 
and  was  more  completely  worked  out  by  Wolbach  from  1918  to  1922. 
Other  workers  who  have  made  important  additions  to  the  knowledge  of 
the  disease  include  R.  R.  Parker,  R.  R.  Spencer,  and  W.  W.  King.  The 
following  description  of  the  disease  is  largely  based  on  the  wn^itings  of 


R.  R.  Parker. 

Geographical  Till  recently  the  disease  was  regarded  as  restricted  to  the  Rocky 
distribution  Mountain  and  Pacific  Coast  States  of  the  U.S.A.  Later  it  was  detected 
in  Dakota  and  since  1931  has  been  reported  from  no  less  than  26  of  the 
central  and  eastern  States.  Probably  it  occurs  in  nearly  all  the  states  of 
the  U.S.A.  (see  Plate  K).  It  is  essentially  a  place  disease,  the  distribution 
of  which  depends  on  the  presence  of  infected  animals  and  ticks.  In  some 
areas  it  disappears  for  a  number  of  years  and  reappears  when  conditions 
again  become  favouxable  to  its  oecnrrence. 

Seasonal  Iii  the  Rocky  Mountains  most  of  the  cases  occur  in  April  and  May 
distribmon  -when  the  vector  ticks  are  most  active;  at  higher  altitudes  and  in  the 


eastern  States  most  of  the  cases  occur  in  the  summer. 

Epidemobgy  Most  of  the  cases  occur  in  out-door  workers  whose  occupation  brinp 
them,  into  association  with  ticks,  but  some  cases  have  been  observed  in 
town-dwellers  who  have  probably  become  infected  by  ticks  which  have 
been  transported  by  dogs  from  endemic  areas. 


Bacteriology  and  morbid  anatomy 

The  causal  organism,  jR.  rickettsi,  is  closely  related  to  R.  prowazeki. 
Rodents  are  the  usual  reservoirs  of  infection  but  small  carnivores  may 
also  be  infected. 
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The  virus  is  conveyed  from,  animal  to  animal  by  larval  or  nymph  ticks.  Transmission 
Human  beings  become  infected  by  the  bites  of  infected  ticks,  usually 
adults,  as  the  larvae  and  nymphs  feed  chiefly  on  smaller  animals.  The 
part  played  by  large  domestic  animals  and  dogs  is  not  clear,  for  although 
they  are  somewhat  susceptible  to  infection  it  seems  likely  that  their 
chief  role  is  in  bringing  ticks  which  had  already  been  infected  into 
association  with  human  beings.  An  important  practical  point  is  that 
the  virus  is  inactive  in  ticks  which  have  been  starved  for  considerable 
periods  and  only  becomes  reactivated  a  few  hours  after  the  tick  has  had 
a  blood  feed  either  on  man  or  some  other  animal.  A  strange  feature  of 
the  disease  is  that  naturally  infected  animals  have  never  been  discovered; 
presumably  the  virus  rapidly  disappears  from  infected  animals,  but 
during  the  short  period  in  which  it  is  present  all  the  ticks  on  the  animal 
become  infected. 

In  addition  to  hereditary  transmission  it  has  been  proved  that  the  virus  Transmission 
can  be  transferred  from  one  tick  to  another  by  copulation.  In  endemic 
areas  only  a  small  proportion  of  the  tick  population  is  infected,  often 
less  than  1  per  cent  and  seldom  more  than  5  per  cent.  It  has  also  been 
found  that  areas  in  which  ticks  are  infected  in  one  season  may  be 
entirely  free  from  infected  ticks  in  the  next  season. 

When  a  tick  has  fed  on  an  infected  animal  it  is  incapable  of  conveying 
infection  until  about  five  days  have  elapsed.  The  virus  gradually  becomes 
greatly  concentrated  in  the  tick  so  that  sometimes  a  single  infected  tick 
may  contain  no  less  than  15,000  infecting  doses.  When  once  the  nymphs 
are  infected  they  remain  so  for  the  rest  of  their  lives  and  also  transmit 
the  infection  to  their  offspring. 

The  infection  is  usually  conveyed  to  man  by  the  bite  of  the  tick,  but  Transmission 
the  virus  can  penetrate  the  unbroken  skin  and  in  many  recorded  cases  vector 
the  disease  was  probably  contracted  by  picking  ticks  off  dogs  or  other 
animals.  In  this  event  the  virus  may  possibly  enter  through  the  con¬ 
junctiva  which  becomes  infected  by  contact  with  the  fingers. 

The  rickettsia  bodies  are  found  in  enormous  numbers  in  infected  The  virus 
ticks  and  in  much  smaller  numbers  in  the  tissues  of  men  and  infected 
animals.  The  lesions  caused  by  R.  rickettsi  are  of  the  same  kind  as 
those  caused  by  R.  prowazeki  and  the  appearance  and  cultural  char¬ 
acters  of  the  two  kinds  of  rickettsiae  are  very  similar.  The  chief  differ¬ 
ences  are:  (i)  R.  rickettsi  invades  the  nuclei  of  infected  cells  whereas 
R.  prowazeki  is  confined  to  the  cytoplasm,  and  (ii)  R.  rickettsi  causes  a 
much  more  severe  disease  in  guinea-pigs  and  rabbits  in  which  there  is 
usually  a  pronounced  inflammation  of  the  scrotum  (‘scrotal  reaction’). 

This  difference  is  by  no  means  absolute  as  blood  taken  from  mild 
cases  may  not  cause  a  scrotal  reaction  in  guinea-pigs.  Most  animals 
are  susceptible  but  in  the  larger  domestic  animals  the  disease  is  often 
hnapparent’. 

In  all  essential  respects  the  morbid  anatomy  is  very  similar  to  that  of  Morbid 
epidemic  typhus.  anatomy 


typhus  fevers 
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Clinical  picture  and  course 

The  general  features  of  the  disease  are  remarkably  similar  to  those 
of  epidemic  typhus.  The  incubation  period  is  from  2  to  14  days,  being 
loii<^er  in  mild  than  in  severe  cases.  There  is  seldom  any  lesion  at  the 
site'^of  the  bite,  and  it  may  be  impossible  to  find  any  evidence  that  a 
tick  has  bitten  the  patient.  Occasionally  there  is  enlargement  of  the 


Puise  ^  . .  Goitedime. 

Fig.  23. — ^TeiBperature  charts  in  tick-typhus  and  mite-typhus 

lymph  glands  associated  with  the  site  of  the  bite  and  rarely  there  may 
be  a  small  necrotic  area  where  the  tick  was  attached.  Attacks  of  the 
usual  type  have  the  following  features.  There  may  be  prodromal 
"Jnset  symptoms  for  a  day  or  two  before  the  onset,  which  is  sudden  with 

frontal  and  occipital  headache,  lumbar  pain,  and  malaise.  Other 
symptoms  which  may  occur  at  the  onset  are  chills,  sweating,  con¬ 
junctival  injection,  pains  aU  over  the  body,  epistaxis,  nausea,  and 
Temperatme  vomiting.  The  temperature  rises  rapidly  to  103°  or  104°  F.,  the  maximum 
being  reached  within  three  days  (see  Fig.  23).  During  this  time  the 
symptoms  are  steadily  increasing  in  severity;  the  face  is  becoming  dusky 
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and  the  eyes  are  assuming  a  hea\y  look.  In  severe  cases  the  pulse  soon 
becomes  feeble  and  rapid  but  usually  it  is  slower  than  would  be  expected 
from  the  height  of  the  temperature.  Enlargement  of  the  spleen,  cyanosis, 
and  a  peculiar  odour  are  early  symptoms  in  some  cases,  especially  in 
virulent  attacks. 

The  rash  appears  from  the  third  to  the  sixth  day,  usually  on  the 
third  or  fourth.  It  is  first  seen  on  the  wrists  and  ankles  and  extends 
rapidly  all  over  the  body  including  the  palms,  soles,  and  face.  The  spots 
are  macules  or  papules  which  are  rose-red  and  fade  on  pressure  at 
first;  but  they  soon  become  dark  and  cease  to  fade  on  pressure.  The 
spots  are  sometimes  large  and  scanty,  sometimes  small  and  abundant; 
in  the  latter  case  the  outlook  is  less  favourable.  When  the  spots  darken 
rapidly  or  become  haemorrhagic  the  attack  is  likely  to  be  severe. 

The  course  of  the  fever  varies;  usually  the  temperature  reaches  the 
maximum  in  three  days  and  then  remains  high  for  about  a  week;  it 
falls  by  rapid  lysis,  reaching  normal  in  four  or  five  days,  but  sometimes 
six  to  eight  days  elapse  before  it  becomes  normal.  The  total  duration 
of  the  fever  is  usually  two  or  three  weeks.  Moderate  remissions  often 
occur  throughout  the  febrile  period  but  are  more  pronounced  during 
and  just  before  the  lysis.  Restlessness  and  insomnia  are  usual  and  there 
may  be  stupor  or  delirium.  Coma,  convulsions,  ankle-clonus,  Babinskf  s 
sign,  and  Kernig’s  sign  may  be  observed  in  some  cases.  The  tongue  is 
coated  but  red  at  the  edges;  constipation  is  usual  but  diarrhoea  may 
occur  in  severe  cases,  and  so  may  jaundice  and  enlargement  of  the 
liver.  The  urine  is  scanty  and  albuminous  in  severe  cases.  There  is 
usually  a  moderate  leucocytosis;  total  white-cell  counts  above  20,000 
have  been  seen  but  generally  the  leucocyte  count  is  not  more  than 
15,000.  There  may  even  be  leucopenia;  there  is  usually  a  relative  increase 
in  the  lymphocytes. 

The  most  common  complications  are  bronchitis,  pneumonia,  phlebitis, 
and  haemorrhages  from  the  nose,  kidneys,  and  intestines.  Iritis  and 
nephritis  may  occur.  Convalescence  is  usually  slow  even  after  relatively 
mild  attacks. 

The  following  clinical  forms  occur:  (i)  mild  ambulatory  cases  lasting 
one  or  two  weeks  with  low  remittent  or  continued  fever  and  a  scanty 
rash;  (ii)  abortive  attacks  with  sudden  onset  and  rapid  rise  of  tempera¬ 
ture  to  103°  or  104°  F.,  an  increased  pulse-rate,  and  a  fleeting  rash;  the 
symptoms  rapidly  subside  and  the  attack  is  over  in  less  than  a  week; 

(iii)  typical  attacks  described  above,  much  the  commonest  form;  and 

(iv)  fulminating  attacks  proving  fatal  in  three  to  six  days,  sometimes 
before  there  has  been  time  for  the  rash  to  appear,  but  there  may  be  a 
haemorrhagic  rash.  The  nervous  symptoms  are  severe  from  the  outset 
and  the  pulse  is  very  rapid. 

The  severity  of  the  disease  varies  greatly  in  different  localities.  The 
mortality  may  be  many  times  higher  in  one  place  than  in  another  only 
a  few  miles  away.  Even  in  the  same  locality  the  mortality  may  be  low 
in  one  year  and  high  in  the  next.  The  death-rate  may  be  as  low  as  5  per 
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cent  or  as  high  as  50  pei  cent.  The  unfavourable  features  have  already 
been  mentioned. 

Diagnosis  and  differential  diagnosis 

When  the  disease  occurs  in  localities  where  it  is  Jcn°wn  to  exist 
mistakes  are  few,  but  judging  from  the  extent  to  which  the  disease  has 
escaped  detection  till  recently  in  places  where  it  is  now  known  to  be 
endemic  the  element  of  suspicion  is  obviously  important  to  diagnosis. 
Weil-Felix  In  places  where  other  forms  of  typhus  do  not  occur  the  Weil-Fe  ix 
test  test  is  of  great  value,  but  positive  reactions  in  significant  titres  cannot 

be  expected  till  towards  the  end  of  the  fever.  It  is  ve^  important  to 
have  a  reliable  strain  oi  Proteus  OX  19  and  to  use  freshly-drawn  blood 
According  to  Parker  reactions  in  dilutions  of  less  than  1  in  320  cannot 
be  relied  on.  A  steadUy  rising  titre  is  specially  significant.  In  some  cases 
a  positive  reaction  is  not  obtained  till  convalescence  has  set  in.  Some¬ 
times  the  reaction  to  Proteus  OX  K  or  0^2  may  occur  in  higher  titres 
than  the  reaction  to  OX  19,  and  according  to  Felix  the  reaction  in  this 
and  other  forms  of  tick-typhus  is  only  a  group-reaction,  whereas  the 
reaction  to  OX  19  in  louse-typhus  and  flea-typhus  and  the  reaction  to 
OX  K.  in  mite-typhus  are  truly  specific;  Felix  considered  that  a  proteus 
organism  specific  for  tick-typhus  might  yet  be  found. 

Animal  tests  Animal  tests  are  not  very  helpful  in  mild  cases  as  the  scrotal  reaction 
in  guinea-pigs  may  be  fleeting  or  absent.  Immunity  tests  m  anmals 
demand  expert  knowledge  and  are  not  likely  to  help  the  practitioner 
owing  to  the  time  which  is  needed  to  obtain  results. 

Diagnosis  from  epidemic  typhus  is  usually  easy  owing  to  the  sharp 
differences  in  the  conditions  in  which  infection  occurs.  The  character 
and  distribution  of  the  rash  is  often  helpful.  When  flea-typhus  is  also 
prevalent  there  may  be  considerable  diflficulty  in  distinguishing  between 
mild  cases  of  the  tick-borne  disease  and  average  cases  of  the  fl^-borne 
disease.  The  table  on  pages  327  and  328  shows  the  general  differences 
between  this  and  the  other  forms  of  typhus. 
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Areas  known  to  be  infected  should  obviously  be  avoided;  if  this  is 

impossible,  tick-proof  clothing  should  be  worn  and  the  body  should  he 
carefuUy  examined  for  ticks  at  intervals  of  five  or  six  hours  during  the 
time  of  exposure  to  risk;  attached  ticks  should  be  removed  at  once  and 
a  drop  of  iodine  solution  should  be  applied  to  the  spot.  A  vaccine  has 
been  prepared  by  making  emulsions  of  heavily  infected  ticks  in  dilute 
carbolic  acid.  The  vaccine  gives  complete  protection  against  a  virus  of 
low  virulence  and  reduces  the  severity  of  the  disease  in  cases  of  infection 
with  highly  virulent  strains  of  xickettsiae. 

Gurative  treatment  is  on  the  same  lines  as  in  epidemic  typhus,  except 
that  the  elaborate  precautions  needed  in  connexion  with  the  louse- 
borne  disease  are  unnecessary- 
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(b)  Typhus  Fevers  of  Sao  Paulo  and  Mims  Geraes 

These  may  have  a  mortality  of  more  than  70  per  cent.  The  infection  Vector 
is  conveyed  from  rats  or  other  rodents  to  man  by  a  tick,  Amblyomma 
cajennense,  and  the  symptoms  of  both  diseases  correspond  very  closely 
to  those  of  the  more  severe  types  of  Rocky  Mountain  fever. 

Animals  inoculated  with  the  virus  of  the  Sao  Paulo  fever  are  immune  Crass 
to  the  virus  of  Rocky  Mountain  fever,  but  the  virus  of  the  Minas 
Geraes  fever  gives  ambiguous  results  when  tested  against  the  Sao  Paulo 
and  Rocky  Mountain  viruses. 

(c)  Fievre  Boutonneuse 

This  disease,  which  is  also  known  as  fevre  exanthe'matique,  was  first 
described  by  Conor  and  Bruch  in  Tunis  in  1910  as  ‘eruptive  fever’.  It  is 
now  known  to  be  conveyed  by  a  tick,  Rhipicephalus  sanguineus.  Dogs  Vector 
are  strongly  suspected  of  playing  a  part  in  the  transmission  of  the  disease 
as  they  often  give  a  positive  Weil-Felix  reaction  in  places  where  the 
disease  is  endemic.  Boutonneuse  fever  occurs  in  most  countries  round 
the  Mediterranean  (see  Plate  IX). 

The  disease  resembles  the  milder  forms  of  Rocky  Mountain  typhus.  Diagnosis 
the  mortality  being  only  1  or  2  per  cent.  The  points  of  difference  between 
the  two  diseases  are  as  follows,  (i)  There  is  usually  a  local  necrotic  sore  'typhus 
at  the  site  of  the  tick-bite  ('iache  noid)  in  boutonneuse  fever;  this  is 
uncommon  in  the  Rocky  Mountain  fever,  (ii)  The  rash  of  boutonneuse 
fever  is  more  definitely  nodular,  (iii)  Guinea-pigs  and  rats  are  not  so 
susceptible  to  the  virus  of  boutonneuse  fever  and  seldom  show  the  scrotal 
reaction,  (iv)  The  chief  distinction  is  that  the  virus  of  boutonneuse  fever  cross 
does  not  protect  animals  against  the  virus  of  Rocky  Mountain  fever,  immunity 
but  on  the  other  hand  the  virus  of  the  Rocky  Mountain  fever  seems 
to  give  some  degree  of  protection  against  that  of  boutonneuse  fever. 
Evidently  boutonneuse  fever  is  not  identical  with  Rocky  Mountain 
fever,  but  further  research  is  needed  to  decide  the  exact  relation  between 
the  two  diseases. 

{d)  Tick- Bite  Fever  of  Kenya  and  South  Africa 
These  fevers  resemble  boutonneuse  fever  in  most  respects.  There  is 
usually  a  sore  at  the  site  of  the  tick  bite;  in  experimental  animals  there 
is  cross  immunity  between  the  South  African  virus  and  the  boutonneuse 
virus. 

{e)  Indian  Tick-Typhus 

This  form  of  tick-typhus  is  of  interest  as  it  was  the  first  of  the  non¬ 
epidemic  typhus-like  fevers  to  be  definitely  classed  as  a  member  of  the 
typhus  group  of  fevers  and  also  as  being  the  first  fever  of  that  group, 
outside  the  Rocky  Mountain  area,  in  which  there  was  clear  evidence 
that  a  tick  was  the  vector. 

In  1917  J.  W.  D.  Megaw  described  a  case  of  fever  following  a  bite  by  History 
a  tick  in  the  Himalayan  foot-hills  which  resembled  Brill’s  disease  and  the 
milder  forms  of  Rocky  Mountain  fever;  the  vector  tick  was  not  available 
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for  identification,  but  he  considered  that  it  was  probably  either  Rhipi- 
cephalm  sanguineus  or  Hyalomma  aegypticum.  In  1921  he  showed  that  a 
fever  resembling  the  Rocky  Mountain  disease,  and  communicated  from 
wild  animals  to  man  by  ticks,  was  common  in  India  and  other  parts  of 
the  world  besides  the  Rocky  Mountains.  He  proposed  that  this  disease 
as  well  as  the  other  ‘typhus-like  fevers’  should  be  regarded  as  members 
of  the  typhus  group  of  fevers  and  should  be  classified,  provisionally,  as 
‘tick-typhus’  and  ‘mite-typhus’  and  the  classical  typhus  should  be  called 
‘louse-typhus’.  In  1934  he  emphasized  the  sharp  distinction  between 
louse-borne  typhus  and  the  others  by  dividing  the  typhus  fevers  into  two 
main  classes,  ‘epidemic  typhus’  and  ‘the  non-epidemic  typhus  fevers’, 
the  latter  class  comprising  ‘tick-typhus’,  ‘mite-typhus’  and  flea-typhus  . 
The  evidence  of  the  existence  of  tick-typhus  in  India,  ^though  chiefly 
clinical  and  epidemiological,  is  convincing.  It  consists  in  the  frequent 
occurrence  of  cases  clinically  indistinguishable  from  the  Rocky  Moun¬ 
tain  fever  in  which  ticks  have  often  been  found  in  situ  at  the  onset  of  the 
fever.  Although  in  most  cases  ticks  have  not  been  detected,  these  cases 
occurred  in  circumstances  which  made  it  highly  probable  that  a  tick 
had  been  the  vector.  Probably  many  of  the  cases  which  have  been 
reported  from  India  as  tick-typhus  before  the  discovery  of  flea-borne 
ty'phus  were  cases  of  the  latter  disease  or  of  mite-borne  typhus. 

Boyd  in  1935,  dealing  with  92  cases  of  sporadic  typhus-like  fevers 
occurring  in  soldiers  in  India  in  which  complete  agglutination  tests  were 
made,  found  that  the  serum  response  in  35  cases  suggested  mite-borne 
typhus,  in  27  flea-typhus,  and  in  30  tick-typhus,  though  no  direct 
evidence  of  the  vector  was  obtained.  In  the  cases  which  suggested  tick- 
typhus  the  response  was  either  strongly  positive  to  Proteus  OX  2  and 
slightly  positive  to  OX  19  and  OXK,  or  moderately  positive  to  OX  19 
and  slightly  so  to  OX  K  and  OX  2. 

The  only  respect  in  which  Indian  tick-typhus  differs  significantly  from 
the  Rocky  Mountain  fever  is  the  absence  of  obvious  symptoms  or 
scrotal  reaction  in  the  few  guinea-pigs  which  have  been  inoculated. 
In  this  respect  the  Indian  disease  resembles  boutonneuse  fever,  but  in 
view  of  the  absence  of  scrotal  reaction  in  some  exceptionally  mild  cases 
of  Rocky  Mountain  fever  this  point  cannot  be  regarded  as  conclusive 
evidence  of  a  specific  difierence  between  the  diseases. 

The  average  mortality  of  Indian  tick-typhus  is  about  5  per  cent,  but 
fulminating  cases  sometimes  occur  in  localities  where  the  disease  is 
normally  mild. 

The  differential  diagnosis  of  Indian  tick-typhus  can  usually  be  estab¬ 
lished  by  a  history  of  exposure  to  the  risk  of  tick-bite  or  of  actual 
tick-bite":  the  type  of  rash,  which  is  usually  generalized  and  rather  con¬ 
spicuous;  and  the  Weil-Felix  response,  which  usually  indicates  a  group 
reaction  rather  than  a  specific  reaction,  though  a  high  titre  response 
to  OX  19  cannot  be  regarded  as  excluding  tick-typhus  in  view  of  the 
frequency  with  which  this  occurs  in  Rocky  Mountain  fever.  Detailed 
experimental  study  of  tick-typhus  and  the  other  non-epidemic  forms  of 
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typhus  in  India  is  much  needed;  the  available  evidence  points  strongly 
to  the  existence  of  all  three  types. 

(/)  Differential  Diagnosis  of  Tick-Typhus  Fevers 

It  is  not  yet  possible  to  lay  down  clear  rules  by  which  the  practitioner 
will  be  able  in  all  cases  to  decide  that  a  case  of  fever  is  tick-borne  rather 
than  flea-borne  or  mite-borne.  Usually  the  clinical,  serological,  and 
epidemiological  features  taken  together  will  leave  little  doubt  about 
the  nature  of  the  disease,  but  in  areas  where  two  or  even  three  forms  of 
non-epidemic  typhus  co-exist  difficulties  may  arise.  Mite-typhus  seldom  Diagnosis 
gives  rise  to  difficulty;  there  are  very  few  localities  in  which  it  co-exists 
with  tick-typhus  and  as  a  rule  the  consistently  Mgh-titre  response  to 
OX  K  in  all  the  local  cases  can  be  regarded  as  strong  evidence  that  a 
mite  is  the  vector. 

Flea-typhus  is  likely  to  cause  difficulties,  as  it  often  co-exists  with  From. 
tick-typhus;  but  as  the  latter  disease  is  eminently  associated  with  con-  • 
ditions  of  the  open  country,  has  a  more  conspicuous  and  generalized 
rash,  and  usually  gives  a  group  serum-reaction  as  opposed  to  the 
highly  specific  response  to  OX  19  which  is  seen  in  flea-typhus,  there 
will  usually  be  little  room  for  doubt.  Failure  to  find  positive  evidence 
of  a  bite  by  a  tick  does  not  exclude  tick-typhus;  often  the  tick  detaches 
itself  after  feeding  without  leaving  any  trace  of  its  bite.  As  a  rule  the 
conditions  in  which  the  patient  has  been  living  give  a  clue  to  the 
likelihood  of  tick-bite. 

Association  with  dogs,  especially  the  removal  of  ticks  from  their  Association 
.  with  dogs 

bodies,  IS  a  point  of  importance,  as  some  persons  are  believea  to  nave 

become  infected  by  the  entrance  of  the  virus  through  the  skin  or  con¬ 
junctiva  rather  than  by  the  actual  bite  of  the  tick. 


flea-typhus 


(3) — ^Mite-Typhus 

{Synonyms, — Japanese  river  fever;  Tsutsugamushi;  pseudo-typhoid  of  Deli; 
pseudo-typhus;  Mossman  fever;  Queensland  coastal  fever;  rural  tropical 
typhus;  scrub  tropical  typhus;  Sumatra  mite  fever;  endemic  glandular 
fever) 

Mite-borne  typhus  fever  is  a  well  defined  class  of  non-epidemic  typhus 
fever  though  great  variations  occur  in  the  severity  of  the  disease  and 
even  in  some  of  the  symptoms.  The  classical  form  of  the  disease  is 
the  Japanese  river  fever  which  bears  the  same  relation  to  mite-borne 
typhus  fevers  as  does  Rocky  Mountain  fever  to  the  tick-borne. 

(a)  Japanese  River  Fever 

(5j77o/n’M.— Tsutsugamushi) 

This  is  a  non-epidemic  or  epizootic  typhus  fever  caused  by  Rickettsia  Definition 
tsutsugamushi.  The  virus  is  conveyed  to  man  from  rats  or  mice  by  the 
bite  of  the  larva  of  a  mite,  Trombicula  akamushi.  In  1918  Kitashima 
and  Miyajima  showed  that  it  was  conveyed  by  the  ‘red  mite’.  Between 
1922  and  1924  rickettsia  or  rickettsia-like  bodies  were  described  by 
Hayashi  and  Takeuchi,  Ishiwara  and  Ogata,  Sellards,  and  Nagayo. 
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The  disease  has  been  known  for  cenfuries  iri  Japan  though  its  close 
relation  to  historical  typhus  was  only  recently  recognized^ 

TutTifSo  Maty  Peninsula,  and 

China.  Probably  it  also  occurs  in  Queensland,  India,  Burma  and  other 
oriental  countries.  The  disease  has  not  been  recorded  outside  tropica 
and  subtropical  areas  in  the  Orient  and  has  a  much  more  restricted 
distribution  than  the  other  forms  of  typhus  (see  Plate  IX). 

The  disease  is  primarily  an  epizootic  of  rats,  mice,  and  possibly  of 
other  rodents.  The  causal  Rickettsia,  R.  tsutsugamushi  or  R.  onentahs, 
is  conveyed  from  infected  rats  and  mice  by  a  larval  mite  Troni- 
bicula  akamushi.  The  accepted  view  is  that  the  adult  mites  become 
infected  by  biting  infected  rats  or  mice  and  that  the  infected  mites 
transmit  the  virus  to  their  offspring  which  in  the  larval  stage  bite  human 
beinus  and  so  convey  the  infection.  The  larval  mites  which  are  very 
small,  only  about  xJ-u  inch  in  length,  remain  attached  for  several  days 

and  convey  the  vims  by  their  bites.  ,  i  i 

R.  tsutsugamushi  is  very  similar  in  appearance  and  cultural  characters 
to  the  other  Rickettsiae  of  the  typhus  fevers.  It  is  pathogenic  to  monkeys, 
but  the  results  of  inoculations  into  guinea-pigs  and  rats  vary  widely 
and  cannot  be  relied  on  for  the  identiffcation  of  the  disease.  In  one 
respect  the  virus  behaves  consistently:  infected  human  beings  and 
animals  almost  uniformly  give  positive  agglutination  with  Proteus 

OVK  and  negative  with  Off  2  and  0X19. 

In  the  Japanese  forms  of  the  disease  there  is  almost  always  a  small 
necrotic  sore  which  appears  3  or  4  days  after  the  attachment  of  the 
mite  to  the  skin,  accompanied  by  lymphangitis  and  lymphadenitis  o 
the  associated  lymph  drainage  area.  The  onset  of  the  fever  occurs 
from  5  to  14  days  after  the  bite.  The  course  of  the  fever  and  general 
symptoms  are  very  similar  to  those  of  Rocky  Mountain  fever,  but  the 
common  occurrence  of  the  local  sore,  the  infrequent  extension  of  the 
rash  to  the  palms  and  soles,  and  the  greater  frequency  of  leucopema 
are  distmgmsMng  features. 


Vims 


.  Climcal 
picture 


(b)  Varieties  of  Mite-Typhus 

Pseudo-  Pseudo-typhoid  fever  of  Deli  in  Sumatra,  which  was  first  described 
of  schuffner  and  Wachsmuth  in  1909,  is  now  known  to  be  a  form  of 
mite-borne  typhus  conveyed  by  Trombicula  deliensis  from  infected  rats. 
The  virus  is  vep  lethal  to  guinea-pigs  and  rats.  The  mortality  is  about 
5  per  cent  in  the  indigenous  population  but  as  high  as  40  per  cent  in 

Europeans.  ^  i  • 

Savb  typkm  Scrub  or  rural  form  of  tropical  typhus,  described  by  W.  Fletcher  in 
the  Federated  Malay  States,  has  been  found  to  be  mite-typhus  conveyed 
by  T.  deliensis.  It  was  formerly  supposed  that  there  were  two  types 
of  mite-bome  typhus  in  the  Federated  Malay  States,  one,  in  which 
there  was  a  local  sore  and  lymphangitis,  being  tsutsugamushi,  and  the 
other,  in  which  there  were  no  local  lesions,  being  regarded  as  a  distinct 
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disease.  Lewthwaite  and  Savoor  showed  that  the  virus  of  both  types 
is  essentially  similar,  animals  inoculated  with  the  virus  of  one  being 
completely  immune  to  the  virus  of  the  other.  The  presence  or  absence 
of  the  local  lesion  therefore  does  not  indicate  specific  differences  in  the 
virus.  Mossman  fever  or  coastal  fever  of  Queensland  is  a  mild  form  of  Mossnmn 
mite-typhus  conveyed  from  infected  rats  by  a  mite,  Laelaps  australlensls . 

'There  is  no  local  sore,  but  lymphangitis  and  lymphadenitis  are  common. 

Workers  in  sugar-cane  fields  which  are  infested  with  rats  and  rat-mites 
are  specially  affected. 

The  mite-fever  of  India  is  a  problematic  disease,  the  presence  of  which  Mite-fever  of 
in  various  parts  of  India  is  assumed  from  the  occurrence  of  cases  of 
non-epidemic  typhus  with  a  positive  reaction  to  Proteus  OX  K  and  a 
negative  reaction  to  the  other  Proteus  organisms. 

(c)  Diagnosis,  Prognosis,  and  Treatment  of  the  Mite-Typhus 
Fevers 

Diagnosis  is  easy  in  localities  where  the  disease  is  known  to  be  endemic  Diagnosis 
especially  if  the  local  lesions  occur,  but  in  places  where  flea-typhus 
co-exists  cases  without  local  lesions  may  be  difficult  to  recognize.  A 
strongly  positive  reaction  to  Proteus  OX  K  is  greatly  in  favour  of  mite- 
typhus. 

There  are  great  variations  in  the  mortality.  In  the  Japanese  river  fever  Prognosis 
the  death-rate  ranges  from  25  to  60  per  cent.  In  Malaya  it  is  from  10 
to  14  per  cent;  in  Sumatra  it  is  5  per  cent  in  natives  and  40  per  cent  in 
Europeans;  in  Queensland  it  is  only  1  per  cent. 

There  is  no  specific  treatment,  but  convalescent  serum  would  be  Treatment 
expected  to  be  effective. 
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ULCER 

DUODENAL:  See  Peptic  Ulcer,  Vol.  IX,  p.  505 
GASTRIC:  See  Peptic  Ulcer,  Vol.  IX,  p.  505;  and STOiL4CH, 
Tumours  and  Some  Other  Conditions, 
Vol.  XI,  p.  All 

PEPTIC:  See  Peptic  Ulcer,  Vol.  IX,  p.  505 
RODENT :  See  Skin  Diseases;  Tu.mours,  Vol.  XI,  p.  239 
TROPfflC:  See  Neuritis,  Vol.  IX,  p.  193;  and  Neuro¬ 
syphilis,  Vol.  IX,  p.  240 
TROPICAL:  See  Tropical  Ulcer,  p.  256 
VARICOSE:  See  Vein  Diseases,  p.  532 


ULCERATIVE  GRANULOMA 

See  Granuloma,  Ulcerative,  Vol.  VI,  p.  54 


ULCUS  MOLLE 

See  Chancroid,  Vol.  Ill,  p.  97 


ULTRA-VIOLET  RAY  THERAPY 

See  Actinotherapy,  Vol.  I,  p.  180 


UMBILICUS  DISEASES 


By  J  LESLIE  ORR,  M.B.,  Ch.B.,  F.R.F.P.S^G. 

ASS.ST.KX  TO  XHX  "" 
iivT^-PT)f?iTY:  Assistant  Surgeon,  WEsibKiN 


1.  embryology  and  anatomy 

2.  INFECTIONS  -  -  ~ 

3.  discharges  -  -  " 

4.  ULCERS  -  -  ” 

5.  FISTULA  -  -  “ 

6.  CALCULUS,  CONCRETION,  AND 
CHOLESTEATOMA  - 

7.  FOREIGN  BODIES  - 

8.  haemorrhage 

9.  HERNIA  -  -  ” 

10.  TUMOURS  -  -  “ 

(1)  Benign  -  -  " 

(2)  Malignant 

11.  CULLEN’S  SIGN 

12  DEFECTIVE  UMBILICAL  SCAR 


PAGE 

352 

354 

355 

355 

356 

356 

357 
357 

357 

358 

358 

359 

359 

360 


Reference  may  also  be  made  to 
ENDOMETRIOSIS  AND 
ADENOMYOMA 
HERNIA 


thefollowng  titles: 

UROGENITAL  ORGANS, 
abnormalities 


1 -EMBRYOLOGY  AND  ANATOMY 

1561 1  The  umhLlicus,  owing  to  the  complex  structures  entering  into  its 
™.  h.  A  seal  of  most  wM  lesio.s,  .  complete  cndet 
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staBding  of  which  can  be  attained  only  by  study  of  the  embryology 
and  anatomy  of  this  and  related  structures. 

The  early  development  of  the  embryo,  its  membranes,  the  yolk-sac,  Embryology 
and  body  stalk  is  described  in  the  article  Placenta,  Development 
AND  Diseases,  VoL  IX,  p.  652. 

In  an  embryo  measuring  0-7  mm.,  the  amnion  covers  its  dorsal  Amnion 
surface,  the  yolk-sac  lies  ventraliy,  and  the  body  stalk  connects  all  yolk-sac 
foetal  structures  with  the  placenta.  A  portion  of  the  yolk-sac,  namely, 
the  allantois,  projects  into  the  body  stalk.  Allantois 

At  this  stage  the  umbilical  cord  is  represented  by  its  chief  constituent, 
the  body  stalk.  By  the  time  the  embryo  reaches  2-5  mm.  in  length  the 


Fig.  24. — Human  embryo:  sagittal  section  showing  early  stage  in  formation  of 
umbilicus  and  related  structures.  A,  allantois;  C,  chorion;  E,  embryo;  H,  heart; 

P,  placenta;  A.C.,  amniotic  cavity;  Y.S.,  yolk-sac;  f.g.,  fore  gut;  h.g.,  hind  gut; 
u.a.,  umbilical  artery;  u.v.,  umbilical  vem 

primitive  cord  has  appeared  and  is  composed  of  a  narrow^ed  portion 
of  the  yolk-sac,  called  the  omphalo-mesenteric  or  vitelline  duct,  and  Omphak- 
the  body  stalk,  both  of  which  pass  into  the  ventral  surface  of  the 
embryo.  The  omphalo-mesenteric  duct  occupies  the  upper  part  of  duct 
the  cord  and  is  surrounded  by  exocoelom;  it  communicates  with  the 
digestive  tract.  The  lower  part  of  the  cord  contains  the  right  and  left 
umbilical  arteries,  the  umbilical  vein,  and  the  allantois.  Certain 
authorities  aver  that  the  intra-abdominal  portion  of  the  allantois 
becomes  the  urachus  and  is  connected  with  the  apex  of  the  urinary  Urachus 
bladder.  Begg  denied  this  and  stated  that  the  urachus  is  simply  the 
modified  superior  extremity  of  the  bladder.  The  urachus  at  birth  reaches 
to  the  umbilicus.  After  birth  the  bladder  descends  taking  the  urachus 
with  it,  so  that  the  latter  measures  5  cm.  in  length  and  its  upper 
extremity  is  fully  10  cm.  from  the  umbilicus.  The  omphalo-mesenteric 
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3,4  UMBILICUS  DISEASES 

<i«  usually  disappears  early  in  foetal  life  but  is  occasionally  wholly 

iS^phS^  toinins  Ibe  uhtbillcns  pass  in  four  direc- 
ttoSs  S  the  4per  half  of  the  umbilicus  they  pass  to  the  artllary 
lymph  ''lands,  and  from  the  lower  half  to  the  superficial 

elands  Deep  umbilical  lymphatics  drain  chiefly 

A  Thnsp  from  the  upper  umbilical  region  pass  on  each  side  of  the 
Mdform  hgament  of  the  liver,  pierce  the  diaphragm,  and  enter  the 
mediastinarelands.  The  lower  ones  dram  into  the  deep  inguinal 
elands  There  is  an  additional  small  lymph  channel  along  the  course  of 
The  round  ligament  of  the  liver,  along  which  metastases  from  cancers 
of  the  stomach  and  gall-bladder  reach  the  umbilicus.  Umbihcal  meta¬ 
stases  in  malienant  conditions  in  the  pelvis  may  be  supposed  to  have 
cached  the  umbilicus  by  extension  along  the  lymphatics  following  the 
course  oShe  remnants  of  the  obliterated  umbilical  arteries  and  urachus, 

‘i„“pISr:frc  dimcal  10^^.  of  umbmea,  disorders 
due  attention  should  always  be  paid  to  sex,  age,  mode  of  o°set  and 
course  of  the  disease,  aud  the  state  of  other  structures,  as  these  factors 

may  greatly  affect  diagnosis. 


Orrphalitis 


Sequelae 


Prophylaxis 


2.-INFECT10NS 

1562.1  Inflammation  of  the  umbilicus  in  infancy  is 
occurs  less  often  since  strict  asepsis  and  routine  care  of  the  cord  h 
been  recognized  as  of  the  greatest  importance.  Before  the  era  of 
epidemics  of  virulent  omphalitis  were  common,  and  themortahty 
high.  GeneraUy  the  organism  responsible  is  the  streptococcus,  us  y 
of  the  haemolytic  variety.  The  staphylococcus,  pneumo¬ 

coccus,  Fseudomoms  pyocyaneus,  and  tetanus  bacillus  hav 

'  In^setere  cases  the  umbilicus  shows  typical  fips  of  °: 

The  child  is  fretful,  febrile,  and  loses  weight.  The  symptoms  depend 
upon  the  organs  affected,  e.g.  brain  abscess  or  pnenmoma  may  occur. 
There  may  be  cellulitis,  gangrene  of  the  abdominal  wall,  septicaemi  , 

umbilicus,  infection  spreads  .f® 

the  liver,  multiple  abscesses  of  which  are  speedily  follow  ^  .... 

Nuclear  jaundice  (an  extrapyramidal  neurological  syndrome),  umbihcal 
erysipelas,  septic  spondylitis,  and  occasionally  peritomtis  have  been 
described  as  sequelae  to  infection.  The  commonest  sequel  to  mdd 
umbilical  infection  is  the  formation  of  exuberant  granulation-tissue 
(see  Tumours,  p.  358),  with  delayed  heaUng  of  the  umbilical  stump^_ 
The  essential  points  in  prophylaxis  are  strict  asepsis  when 
the  cord  and  the  use  of  dry  sterile  or  antiseptic  dressings.  When 
infection  spreads  beyond  the  limits  of  the  umbilicus  the  prognosis  is 
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grave,  except  perhaps  in  the  case  of  erysipelas,  and  therapeutic  measures 
are  of  little  avail. 

Exuberant  granulation-tissue  is  best  treated  by  bathing  the  umbilical  Curative 
stump  with  sanitas  or  dettol,  and  thereafter  cauterizing  with  a  silver 
nitrate  stick.  A  sterile  dressing  should  be  applied. 

Sepsis  in  and  around  the  umbilicus  is  seldom  seen  in  adults  but  gener-  Pyo- 
ally  takes  the  form  of  pyo-umbilicus.  When  it  does  occur  it  presents 
certain  important  problems  as  there  are  usually  co-existing  morpho¬ 
logical  defects,  umbilical  concretions,  a  tendency  to  chronicity,  and 
a  risk  of  serious  complications.  It  may  be  due  to  fistulae,  faecal  or 
urinary,  but  is  almost  invariably  associated  with  umbilical  concretions 
and  foreign  bodies,  such  as  dirt,  coal,  hair-balls,  fibres  from  clothing, 
and  rarely  seeds  or  maggots.  A  new  growth  may  also  be  a  causal  factor. 

For  treatment  see  pp.  356  and  357.  Treatment 

Tetanus  from  umbilical  infection  is  no  longer  common  in  civilized  Tetanus 
countries  but  is  encountered  among  primitive  people  (see  p.  250).  For 
the  symptomatology  and  treatment  see  article  Tetanus,  p.  5. 

Montgomery  stated  that  sixty-three  cases  of  diphtheria  of  the  umbilicus  Diphtheria 
were  on  record,  all  in  infants  before  the  end  of  the  third  week.  The 
infant  appears  healthy  and  is  non-febrile.  A  diphtheritic  membrane 
may  be  present.  The  prognosis  is  serious  and  a  fatal  termination  is 
the  rule  unless  the  diagnosis  is  made  early.  A  culture  taken  from  the 
umbilicus  is  invaluable.  Antitoxin  should  be  administered  in  doubtful 
cases,  and  in  all  proven  cases.  (For  dosage  see  Diphtheria,  Vol.  IV, 
p.  99.) 

The  occurrence  of  syphilis  of  the  umbilicus  in  the  new-born  has  been  Syphilis 
described.  The  ulcer  is  not  unlike  a  chancre  with  a  round  sharply- 
limited  edge  and  some  induration.  The  diagnosis  is  proved  by  a  positive 
Wassermann  reaction,  positive  dark-ground  examination  of  material 
from  the  umbilical  lesions  for  spirochaetes,  and  the  discovery  of 
spirochaetes  in  sections  of  tissue.  The  prognosis  is  fair.  For  treatment 
see  Syphilis,  Vol.  XI,  pp.  592  and  622. 

Primary  tuberculosis  of  the  umbilical  region  is  unknown.  Babes  Tuberculosis 
reported  one  case  of  umbilical  tuberculosis  in  a  patient  with  miliary 
genital  tuberculosis. 


3.-DISCHARGES 

1563.]  These  may  consist  of  mucus,  blood,  pus,  contents  of  the  small 
intestine,  faeces,  urine,  or  bile.  The  aetiological  factors  are  described 
elsewhere  (see  above,  and  pp.  356  and  357). 


4.-ULCERS 

1564.]  Simple  septic,  primary  and  secondary  malignant,  tuberculous, 
and  syphilitic  ulcers  may  be  seen.  (See  above,  and  pp.  358  and  359.) 
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io65 1  Fistula  of  the  umbilicus  may  be  congenital  or  acquired.  The 
former  is  due  to  persistence  of  the  omphalo-mesenteric  duct  or  to 
incomplete  descent  of  the  bladder,  practically  never  to  a  patent  uracbus 
(Begs).  An  acquired  fistula  is  due  to  diseases  of  abdominal  or  pelvic 

°inhe  omphalo-mesenteric  duct  is  patent  and  small,  mucus  or  gas 
escapes  but  when  its  lumen  is  large  there  is  free  discharge  of  faeces. 
When  its  inner  end  is  closed,  a  blind  fistula  lined  with  mucous  membrane 
and  secreting  mucus  is  found.  Polypi  are  not  uncommonly  associated 
with  this  form  of  fistula,  and  instances  of  prolapse  of  the  bowel  throug^ 
a  patent  omphalo-mesenteric  duct  are  on  record.  When  the  bladder 
fails  to  descend,  a  urinary  fistula  is  likely  to  arise;  the  unne  may  be 
discharged  from  the  bladder  directly,  through  the  urachus,  or  after 
ascending  pre-peritoneal  permeation.  In  the  acquired  form  any  of  the 
internal  viscera  may  discharge  its  contents  through  the  umhihcus, 
producing  biliary,  urinary,  intestinal,  or  gastric  fistula.  Rarely,  round- 
worms  and  tapeworms  have  escaped  through  the  umbilicus  or  umbilical 

The  nature  of  the  discharge  is  easily  ascertained  from  physical  and 
chemical  tests.  Probing  may  help,  but  radiological  examination  follow¬ 
ing  the  injection  of  barium  sulphate  or  iodized  oil  invariably  establishes 

the  diagnosis.  .  .  ,  c  „ 

The  treatment  of  choice  in  the  congenital  form  is  excision  of  the 

umbilicus  and  the  fistulous  tract.  The  stump  in  the  ileum  or  in  the 
bladder  is  inverted  and  buried.  The  treatment  of  the  acquired  form 
is  complicated  by  the  nature  of  the  underlying  visceral  lesion  (e.g^ 
tuberculosis  or  tumours);  and  the  surgeon  must  therefore  be  prepared 
to  deal  with  each  case  on  its  own  merits. 


6.-CALCULUS.  CONCRETION,  AND 
CHOLESTEATOMA 

1566.]  Umbilical  concretions  are  more  common  in  men  than  in  women 
Aetioksv  and  usually  occur  between  the  second  and  sixth  decades.  The  condition 
arises  in  a  deep  or  stenosed  umbilicus  in  which  desquamated  cells, 
hair,  threads,  and  dust  are  readily  retained  to  form  the  tiucleus  of  a 
concretion.  Sooner  or  later  inflammatory  changes  and  sepsis  supervene 
with  ultimately  the  formation  of  an  abscess,  recurrent  abscesses,  or 
the  formation  of  sinuses. 

Climcal  The  signs  and  symptoms  are  those  of  inflammation  and  suppuration. 

features  umbilical  depression  is  distended  with  pus  and  with  a  concretion 

or  caseous  material.  Although  the  usual  sequel  is  pyo-umbilicus  (see 
p.  355),  desquamative  omphalitis  with  the  accumulation  of  dehydrated 
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cornified  plugs  or  cholesteatoniatous  masses  has  been  described.  Horns 
may  be  found. 

Diagnosis  is  based  on  the  recognition  of  the  type  of  umbilicus  which  Diagnosis 
predisposes  to  the  formation  of  concretions,  and  the  absence  of  faecal, 
uri.nary,  or  other  forms  of  fistula.  X-ray  examination  has  been  of 
value;  some  calculi  are  radio-opaque,  and  the  injection  of  iodized  oil 
or  other  radio-opaque  substance  shows  a  'filling  defect’. 

Excision  of  the  umbilicus  during  a  quiescent  phase  is  the  only  satis-  Treatment 
factory  treatment.  Dilatation  gives  temporary  relief  and  permits 
cleansing  and  dressing  before  operation. 


7.-FOREIGN  BODIES 

These  are  described  on  page  355, 


8-HAEMORRHAGE 

1567.]  Normally  haemorrhage  in  the  new-born  is  prevented  by  con-  infancy 
traction,  retraction,  and  thrombosis,  but  haemorrhage  may  occur  a 
few  hours  after  birth.  The  time  of  greatest  danger,  however,  according 
to  Craig,  is  when  the  cord  comes  away.  Predisposing  causes  are  morbid 
states  of  the  blood  or  blood-vessels,  haemophilia,  and  infection,  in¬ 
cluding  syphilis.  Males  are  more  often  affected  than  females.  In  the 
presence  of  hereditary  defect  or  haemophilia  the  prognosis  is  extremely 
grave.  Fortunately  many  infants  recover  spontaneously  even  after 
several  haemorrhages. 

Pressure,  and  astringents,  such  as  silver  nitrate,  tannic  acid,  or  Treatment 
adrenaline  hydrochloride  solution,  applied  locally  may  be  of  value  in 
slight  cases.  The  insertion  of  a  purse-string  suture  of  catgut  or  silk 
has  proved  satisfactory  in  other  instances.  Experience  has  shown  that 
blood  transfusion  is  reliable  and  effective,  the  degree  of  haemorrhage 
determining  the  amount  of  blood  transfused.  For  haemostasis  15  to 
25  c.c.  of  citrated  blood  are  sufficient,  but  after  severe  haemorrhage 
150  to  250  c.c.  will  be  required.  The  transfusion  is  given  through  either 
the  median  basilic  vein  or  the  superior  sagittal  sinus.  If  oozing  persists 
a  further  transfusion  should  be  given  twelve  to  twenty-four  hours  later. 

Hunt  emphasized  the  importance  of  ‘typing’  both  donor  and  recipient, 
who  must  be  of  the  same  group. 

Several  cases  are  on  record  of  haemorrhage  from  the  umbilicus  but,  After  infancy 
as  all  these  patients  recovered  after  local  treatment,  the  origin  of  the 
haemorrhage  is  conjectural. 

9 -HERNIA 

For  a  full  description  of  this  condition  see  VoL  VI,  p.  494. 
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lO.-TUMOURS 

1568  1  Simple  and  malignant  tumours  have  been  met  with  in  this 
situation  Records  of  the  following  types  appear  in  the  literature: 
papilloma,  granuloma,  angioma,  fibroadenoma,  dermoid  cyst,  endo- 
metrioma,  lipoma,  carcinoma,  and  sarcoma. 


\jplUoma 


Granuloma 


Eniem- 

teraioma 


(1)— Benign 

Papilloma  is  a.  soft  reddish  warty  protruding  mass  which  may  be 
sessile  or  attached  to  the  umbilical  depression  by  a  pedicle.  It  is  painless 
and  may  grow  rapidly,  bleed  freely,  and  erroneously  be  regarded  as 
carcinoma.  It  usually  occurs  in  the  uncleanly.  Histologically  its  appear¬ 
ance  is  typical.  It  has  been  found  in  adults  of  both  sexes  and  should 
not  be  confused  with  the  polypi  or  granulomas  in  the  new-born.  It  is 
treated  by  radical  excision  as  it  is  liable  to  degenerate  and  become 
malignant. 

Granuloma  is  a  simple  form  of  tumour  found  soon  after  separation 

of  the  cord.  It  is  a  bright-red  fungus-like  tumour  which  bleeds  easily, 
and  may  attain  the  size  of  a  pea  or  bean  and  become  infected;  usually 
sessile,  it  may  be  pedunculated;  its  surface  is  formed  by  granulation- 
tissue  and  not  by  mucous  membrane  as  in  the  case  of  entero-teratoma. 
The  condition  should  be  treated  by  excision  or  cauterization. 
Entero-teratoma  or  ‘polyp’  is  a  simple  tumour  closely  resembling  a 
granuloma.  It  is  said  to  arise  from  distal  remnants  of  the  vitelline  duct 
and  to  become  visible  after  the  cord  is  shed.  It  differs  from  granuloma 
in  that  it  may  persist  for  years  and  is  covered  with  intestinal  mucosa; 
otherwise  its  clinical  and  morbid  features  are  similar.  Astringents  have 
no  effect  on  this  tumour,  hence  it  should  be  excised.  Ligation  may  be 


Adenoma  and 

adenoma 

Dermoid 

cjsts 


rrmtrioma 


Ixideme 


Treatment 


effective. 

Adenoma  and  fibroadenoma  are  rare  and  are  not  usually  diagnosed 
before  excision  and  subsequent  Mstological  examination. 

True  dermoids  are  rare.  Rock  believed  that  they  arise  in  a  piece  of 
attenuated  umbilical  scar  which  becomes  buried  in  the  deeper  tissues 
of  the  umbilicus.  Masses  of  sebaceous  material  and  hairs,  associated 
with  concretions,  have  been  regarded  as  ‘dermoids’.  The  cysts  are 
seldom  large  and  may  break  down  and  discharge  a  dirty  grey  foul¬ 
smelling  material  The  surrounding  skin  becomes  red  and  discoloured. 
Excision  is  the  appropriate  treatment. 

An  endometrioma  {synonyms — endometriosis,  endometrio-myoma, 
adenomyoma,  adenomyosis)  is  a  simple  tumour  composed  of  glandular 
tissue  and  stroma  resembling  the  uterine  mucosa.  Such  a  tumour 
arising  at  the  umbilicus  is  comparatively  rare:  it  falls  into  the  category 
of  extra-uterine  endoirietrionias.  Records  of  cases  were  collected  by 
Boggs.  (For  a  fuE  account  see  Endometriosis  and  Adenomyoma, 
¥oi  IV,  pp.  561,566.)  , 

Treatment  is  surgical- Total  extirpation  of  the  tumour  with  a  margin 
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of  healthy  tissue  is  never  followed  by  recurrence.  Most  umbilical 
endometriomas  can  be  excised  without  opening  the  peritoneal  cavity. 

(2) — Malignant 

Cancer  of  the  umbilicus,  whether  primary  or  secondary,  is  rare  Carcinoma 
(Wilcox  and  Greenblatt).  Since  structures  in  which  cancer  originates, 
namely,  hair  follicles  and  sw^eat  and  sebaceous  glands,  are  almost 
absent,  primary  occurrence  is  limited.  It  may,  however,  arise  in  vestigial 
structures,  e.g.  the  omphalo-mesenteric  duct.  Hence  a  few  cases  of 
Paget’s  disease  of  the  skin  and  adenocarcinoma  have  been  described. 

Irritation  from  an  umbilical  calculus  has  been  known  to  produce 
carcinoma. 

Carcinomatous  lesions  may  be  summarized  as  follows.  Primary:  (i)  Classification 
squamous  epithelioma,  and  (ii)  adenocarcinoma.  Secondary:  derived  of  caramma 
from  stomach,  gall-bladder,  intestine,  ovaries,  uterus,  and  other  abdom¬ 
inal  organs. 

Carcinoma  at  the  umbilicus  should  always  suggest  the  possibility  of  a 
primary  intra-abdominal  lesion.  Probably  inguinal  metastases  in  gastric 
carcinoma  are  due  to  secondary  spread  from  the  umbilicus. 

Primary  lesions  should  be  excised  and  the  abdominal  cavity  explored.  Treatment 
Radium  or  X-ray  therapy  may  be  employed.  The  extensive  lymphatic 
network  centred  on  the  umbilicus  makes  effective  treatment  uncertain. 

Secondary  carcinoma  is  at  present  untreatable. 

Only  a  few  cases  of  sarcoma  of  the  umbilicus  are  on  record,  and  these  Sarcoma 
many  years  ago.  The  tumour  may  be  of  the  spindle-cell  or  round-cel! 
type.  Melanomas  have  been  described.  Such  conditions  are  of  little 
importance  clinically. 

11 -CULLEN’S  SIGN 

{Synonym, — The  sign  of  Hofstatter  and  Hellendall) 

1569.]  This  rare  sign  consists  of  bluish  discoloration  of  the  skin  in  Definition 
the  immediate  vicinity  of  the  umbilicus.  The  phenomenon  ■  was  noted 
by  Hofstatter,  but  Cullen  was  the  first  to  recognize  its  significance 
and  importance,  when  he  described  its  occurrence  in  cases  of  Aetiology 
ruptured  extra-uterine  gestation.  Fallis  reviewed  the  subject  of  dis-  ^Grey 
coloration  in  acute  pancreatitis.  As  a  rule,  however,  in  this  condition 
the  discoloration  is  yellow  and  generally  called  ‘Grey  Turner’s  sign’;  acute 
furthermore  it  may  appear  in  the  flanks,  developing  many  hours  after  P^^oteatitis 
the  onset  of  the  illness.  Cullen’s  sign  has  been  noted  by  Gerrard  in 
ante-partum  rupture  of  a  Caesarean  scar,  and  by  Goinard  and  Curtillet 
in  traumatic  haematoma  of  the  retro-pubic  space  (cave  of  Retzius). 

Yellow  discoloration  at  the  umbilicus  has  been  observed  in  rupture  ^HabteTs 
of  the  biliary  passages;  and  cyanosis,  widely  distributed  over  the 
abdomen  or  even  the  limbs,  may  appear  in  acute  haemorrhagic  pan¬ 
creatitis.  Such  a  condition  is  not  infrequently  referred  to  as  ‘Halsted  s 
sign’. 


Mode  of 
production 
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The  mode  of  production  of  Cullen’s  sign  has  not  as  yet  been  satis¬ 
factorily  explained.  Stabler  suggested  that  it  might  be  due  to  a  breach 
of  continuity  of  the  parietal  peritoneum  at  the  umbilicus,  wbh  leakage 
of  blood  or  its  derivatives  into  the  subcutaneous  tissues.  Petrivalsky 
su^oested  a  lymphatic  basis,  as  there  is  a  rich  anastomosis  between  the 
lymphatics  of  the  subcutaneous  tissues  and  those  of  the  pentoneuni 
and  subperitoneal  tissues,  and  supported  his  view  by  experimental 
evidence  As  the  sign  is  rare,  it  would  appear  that  an  anatomical  varia¬ 
tion  of  the  structures  of  the  umbilicus  must  be  present.  Clinically  the 
si-n  should  be  regarded  as  an  interesting  phenomenon  which  is  but 
rarely  present  in  intraperitoneal  haemorrhage  but  may  occasionally  be 
of  diagnostic  value  in  such  cases.  (See  also  Vol.  V,  p.  260.) 


12.-DEFECTIYE  UMBILICAL  SCAR 

15701  On  very  rare  occasions  an  attenuated  umbilical  scar  may  rupture, 
permitting  escape  of  abdominal  contents.  Such  a  condition  is  essentially 
a  surgical  emergency  and  is  treated  on  lines  similar  to  those  adopted 
in  rupture  of  an  abdominal  wound.  Pending  operation  the  protruding 
viscus  may  be  covered  with  moist  sterile  saline  dressings  and  a  sup¬ 
porting  bandage  or  binder  applied. 
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Reference  may  also  be  made  to  the  following  titles: 

ABORTUS  FEVER  PYREXIA  OF  OBSCURE  ORIGIN 


i.-DEFINITION 

{Synonyms. — ^Brucellosis;  (in  part)  Malta  fever,  Mediterranean  fever, 
melitensis  fever,  abortus  fever) 

1571.]  Undulant  fever  is  an  endemic  and  epidemic  disease  due  to 
Brucella  of  several  species,  commonly  characterized  by  splenomegaly, 
leucopenia,  secondary  anaemia,  and  pyrexia  often  of  long  duration 
and  tending  to  recur  in  febrile  waves. 
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2.-HISTORICAL  AND  GENERAL  CONSIDEBATIONS 

There  is  little  doubt  that  uadulant  fever  lias  existed  in  the  Mediterranean, 
region  from  early  times,  but  it  was  not  until  the  middle  of  the  19th 
century  that  the  disease  was  sorted  out  from  the  heterogeneous  group 
of  undifferentiated  continued  fevers.  In  1860  Marston,  a  British  army 
surgeon  serving  in  Malta,  wrote  the  first  published  account  of  uadulant 
fever  in  which  it  is  recognized  and  described  as  a  clinical  entity 
(Marston,  1861).  From  his  experience  in  Malta,  Marston  suggested 
that  the  malady  then  called  ‘gastric  fever’  in  England,  defined  at  the 
time  as  differing  from  both  enteric  fever  and  typhus,  was  a  form  of  &e 
disease  which  he  had  described  in  Malta.  In  support  of  this  opinion 
he  quoted  some  suggestive  passages  from  an  account  of  gastric  fever 
by  Anderson,  then  a  professor  of  medicine  in  Glasgow. 

IsoMoft  In  1886  Bruce  isolated  the  causal  organism  now  known  as  Brucella 
of  causal  melitensis,  and  the  researches  of  the  Mediterranean  Fever  Commission, 
organisms  1904^  incriminated  the  goat  as  the  original  source  of  infec¬ 

tion.  Br.  abortus  was  differentiated  by  Bang  in  1897,  and  Br.  suis  by 
Trauminl914. 

Geographical  Undulant  fever,  once  believed  to  be  restricted  to  the  Mediterranean 
distribution  ij^toial,  is  now  known  t  o  be  so  widely  distributed  in  tropical,  subtropical, 
and  temperate  countries  that  it  can  be  classified  as  a  cosmopolitan  disease. 
Br,  abortus  Of  the  three  varieties  which  are  of  importance  as  affecting  man,  one, 
Br.  suis  abortus  fever,  has  been  dealt  with  already  (see  Yol.  I,  p*  68).  Bt .  suis 
infection  is  more  localized  in  its  distribution  than  the  other  varieties 
and  is  in  general  an  occupational  disease,  affecting  particularly  slaugh¬ 
terers,  packers,  and  other  workers  who  may  handle  swine  or  their 
flesh.  The  male  of  these  animals  is  more  subject  to  infection  than  the 
female,  and  so  in  brucellosis  of  swine  abortion  has  not  the  suggestive 
prominence  which  distinguishes  the  allied  disease  in  cattle.  Common 
signs  of  infection  in  swine  are  purulent  inflammation  of  lymphatic 
glands,  arthritis,  and  orchitis.  Cattle  may  become  infected  by  Br.  sms 
and  transmit  the  organism  in  their  milk.  In  man,  Br .  suis  infections  have 
no  constant  clinical  characters  to  differentiate  them  from  other  forms 
of  undulant  fever.  On  the  whole  the  disease  is  not  severe  and  latent 
infections  are  common.  Exact  diagnosis  can  be  made  only  by  laboratory 
investigations  on  the  lines  described  later  (see  p.  373).  ^ 

For  the  purposes  of  this  article,  the  term  'undulant  fever’  without 
Br.  meiitensis  qualification  should  be  taken  to  mean  infection  with  Br.  melitensis,  not 
inappropriately  as  it  was  for  this  variety  of  the  disease  that  Hughes 

originally  proposed  the  name  undulant  fever. 


3.-AETIOLOGY 

Infection  of  Brucella  meiitensis  infection  occurs  as  a  natural  disease  of  goats  and 
affinals  sheep.  It  is  sometimes  acute  and  may  cause  abortion,  but  often  the 
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affected  animals  show  no  clinical  abnormality  and  the  existence  of 
infection  is  demonstrable  only  by  laboratory  investigation,  such  as 
the  recovery  of  the  organism  from  milk  or  urine,  agglutination  tests 
with  blood  serum  or  milk,  and  the  reaction  to  intradermal  injection 
of  antigen.  Cows  kept  in  association  with  infected  goats  and  sheep 
may  also  develop  the  infection,  and  although  these  animals  do  not 
suffer  appreciably  in  health  they  may  excrete  the  organism  in  the 
milk. 

Undulant  fever  in  man  is  commonly  contracted  by  consumption  of  Sources  of 
infected  milk,  or  milk  products,  such  as  butter,  cheese,  and  ice-cream. 

The  disease  may  also  result  from  direct  contact  with  infected  animals 
or  through  working  with  manure.  Other  possible  means  of  spread  are 
by  dust,  soil,  and  water,  in  all  of  which  the  organism  may  survive  for 
several  weeks.  Laboratory  experience  has  proved  that  Br.  melitemis 
can  readily  enter  the  system  through  abrasions  of  the  skin  or  mucous 
membrane,  so  that  infected  discharges  and  fomites  may  communicate 
the  disease  in  various  ways.  Infection  has  followed  a  prick  with  a  con¬ 
taminated  needle,  and  it  is  possible  therefore  that  biting  insects  on 
occasion  serve  as  mechanical  vectors.  In  human  subjects  the  organism  Excretion  of 
may  be  excreted  in  the  urine,  faeces,  and  milk,  but  not,  so  far  as  is 
known,  in  the  saliva  or  sweat. 


4.-MORBID  ANATOMY  AND  BACTERIOLOGY 


The  disease  has  not  any  distinctive  morbid  anatomy,  and  diagnosis  can  Morbid 
be  established  at  necropsy  only  by  isolation  of  the  causal  organism, 

The  spleen  is  enlarged  and  congested,  the  sinuses  are  distended  with  blood  Spleen 
and  lymphoid  cells  increased  in  number.  The  pulp  is  soft  and  friable 
and  may  even  be  diffluent.  The  average  weight  of  the  organ  is  about 
18  oz.  but  weights  up  to  60  oz.  have  been  recorded.  The  liver  is  enlarged  Liver 
and  congested  and  shows  a  small-cell  infiltration  around  the  lobules. 

Patches  of  congestion  are  present  in  the  intestine  particularly  in  the  Intestine 
duodenum,  upper  part  of  the  jejunum,  and  large  intestine,  these 
inflammatory  changes  sometimes  progressing  to  superficial  ulceration 
of  the  mucosa.  The  mesenteric  glands  are  enlarged  and  soft  in  con-  Glands 
sistence.  The  kidneys  share  in  the  general  febrile  and  toxic  changes  Kidneys 
found  in  the  other  abdominal  organs.  At  necropsy  Brucella  is  most  Isolation  of 
readily  recovered  from  the  spleen,  liver,  and  mesenteric  glands.  orgamsm 

Brucella  melitensis  {Micrococcus  melitensis)  is  a  small  bacillus,  0-6/x  The  organism 
to  1-2/x  long  and  0*5/x  to  0-7/i.  broad,  with  many  coccoid  forms.  It  is 
Gram- negative,  non-motile,  and  does  not  ferment  any  sugar.  Although 
Br.  melitensis  can  grow  slowly  in  ordinary  media,  its  growth  is  increased  Cultivation 
in  the  presence  of  glucose,  blood,  serum,  or  liver  extract,  and  such 
additions  are  advisable  for  recovery  of  the  organism.  Continued  cultiva¬ 
tion  on  artificial  media  tends  to  alter  the  antigenic  structure  of  Brucella  Rough  forms^ 
thus  producing  rough  variants,  a  divergence  which  at  one  time  caused 
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iTiuch  confusion  and  led  to  the  description  of  so-called strains.  A 
•  -ouc^h  va'iant  mav  asglutinate  with  a  normal  serum. 

‘  Brmeliteusis,  Br.  abortus,  and  Br.  suis  are  closely  related  to  one  another 
but  .rjav  be  differentiated  by  absorption  tests.  It  is  often  assumed  that  a 
B^-ucella  Isolated  from  man  belongs  to  the  particular  species  known  to 
be  prevalent  locally,  and  although  such  an  assumption  may  be  correct 
it  is  desirable  when  possible  to  identify  it  with  certainty. 


5.-CLINICAL  PICTURE 

haibaiion  The  period  of  incubation  lies  usually  between  six  days  and  three  weeks, 
perkhi  with  an  average  duration  of  about  iifteeii  days. 

The  symptoms  of  undulant  fever  vary  widely  in  their  nature,  seventy, 
of  symptoms  duration.  At  one  end  of  the  possible  range  the  disease  may  occur 

as  an  intense  toxaemia  ending  in  death  within  a  week;  and  at  the  other 
the  symptoms  may  be  so  mild  that  it  is  difficult  to  convince  the  patient 
that  he  has  contracted  a  specific  infection.  Similar  extremes  are  seen  in 
other  infective  fevers,  but  in  those  diseases  there  is  commonly  recog¬ 
nizable  some  main  and  characteristic  symptom-group  on  which  the 
several  departures  from  the  normal  course  can  be  centred  in  an  orderly 
fashion.  But  in  undulant  fever  no  case  or  series  of  cases  can  be  sorted 
out  and  labelled  as  typical  of  the  malady.  It  is,  however,  convenient 
and  helpful  to  divide  the  disease  into  three  main  types  as  determined 
bv  certain  outstanding  clinical  features;  but  such  groups  at  the  best  are 
unfixed  and  ill-defined  and,  although  the  central  members  of  each  may 
be  fairly  constant  in  type,  those  towards  the  periphery  overlap  and 
intermingle  in  a  confused  medley.  Further,  the  symptoms  in  an  indi- 
—  vidual  case  may  initially  conform  to  those  of  one  group  and  later  take 
on  a  different  character. 

(1) — ^Types 

Undiilatory  type  _ 

Onset  The  attack  generally  begins  insidiously  so  that  the  patient  has  diffi- 

Temperature  culty  in  fixing  the  exact  date  of  onset.  The  tenaperature  ascends  in 
step-ladder  fashion  with  morning  remissions  of  T  F.  or  more,  and 
having  reached  its  highest  level  at  102°  or  103°  F.  it  remains  raised  for 
a  few  days  and  then  gradually  falls  by  a  step-ladder  descent.  In  mild 
cases  the  temperature  may  now  remain  normal  and  convalescence 
begin;  more  commonly  after  a  few  days’  interval,  during  which  the 
temperature  may  be  normal,  show  an  evening  elevation, ^  or  remain 
raised  but  at  a  lower  level  than  before,  the  fever  returns  in  the  form 
of  another  wave,  to  be  succeeded  in  its  turn  by  an  interval  of  absolute 
or  relative  apyrexia.  Successive  waves  of  fever  and  intermissions  may 
continue  in  this  way  for  weeks  or  months. 

The  general  symptoms  resemble  those  which  may  be  produced  in 
other  diseases  of  bacterial  or  protozoal  origin.  Premonitory  symptoms. 
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such  as  malaise,  loss  of  appetite,  weariness,  and  dejection,  are  common,  Fremonltory 

against  which  the  patient  struggles  and  tries  to  keep  afoot.  Accom- 

panying  the  fever  there  are  headache,  varying  in  intensity  with  the 

degree  of  infection,  increasing  malaise,  and  great  lassitude  of  both 

body  and  mind.  The  patient  is  hot  but  shivery  and  complains  of  aching 

pains  particularly  in  the  back  and  neck.  Constipation  is  the  rule.  The 

spleen  is  tender  on  pressure  but  appreciable  enlargement  is  usually  a 

later  sign.  In  some  cases  the  mind  is  clouded  and  dull,  so  that  this, 

combined  with  a  furred  tongue,  and  flushed  face  when  the  temperature 

rises  in  the  evening,  may  give  a  picture  suggesting  typhoid  fever.  In 

other  cases  there  are  irritability,  marked  restlessness,  and  insomnia. 

When  the  temperature  becomes  normal  the  symptoms  abate  and  the 
attack  may  appear  to  have  come  to  an  end,  but  in  most  cases  the  relief 
is  only  temporary  and  a  recurrence  follows. 

Continuous  type 

It  is  convenient  to  place  in  this  group  cases  characterized  by  con¬ 
tinuous  fever  without  clean-cut  intermissions  of  absolute  or  relative 
apyrexia.  The  temperature  often  swings  over  a  range  of  about  2''  F.  Temperature 
daily;  it  drops  in  the  morning,  perhaps  even  to  normal,  only  to  rise 
again  later  in  the  day.  The  chart  may  be  ^hectic’  with  subnormal 
readings  in  the  morning  and  a  rise  to  103°  F.  or  higher  in  the  evening. 

Again,  the  symptoms  may  be  so  indefinite  that  the  subject  is  up  and 

about  and  unaware  that  he  has  a  slight  rise  of  temperature,  perhaps 

only  99°  F.,  in  the  evenings.  These  ambulatory  cases  may  be  a  danger 

to  others  and  to  themselves,  for  they  can  act  as  carriers,  and  at  any  Ambulatory 

period  grave  symptoms  may  supervene  or  some  serious  complication 

develop. 

In  general  symptoms  there  are  no  essential  differences  in  the  types  General 
of  the  disease  mentioned  above,  but  the  continuous  form  tends  to  be 
more  wearing  and  exhausting  to  the  patient. 

Malignant  type 

Some  writers,  following  Hughes,  recognize  another  cHnicai  group 
under  the  name  ‘malignant’.  The  symptoms  are  those  which  may 
occur  in  any  case  of  undulant  fever  but  differ  in  being  much  exaggerated 
in  degree.  The  onset  is  sudden  and  the  temperature  rises  quickly  to  Temperature 
104°  or  105°  F.  with  intense  headache,  severe  muscular  pains,  and 
anorexia.  Diarrhoea  is  common  with  profuse  and  offensive  stools. 

After  a  variable  period  the  patient  may  pass  into  a  deeply  toxic  state  Toxaemia  ■ 
with  a  dry  brown  tongue  and  delirium  deepening  into  coma.  Death  Cause  of  : 
may  result  from  heart  failure,  hyperpyrexia,  or  broncho-pneumonia. 

In  Hughes’s  series  of  45  fatalities  in  proved  cases  of  undulant  fever 
there  were  6  deaths  during  the  first  week,  7  during  the  second,  and  9  Mortality 
during  the  third;  i.e.  one  half  of  the  total  number  of  deaths  occurred 
within  twenty-one  days. 


366 


UXDULANT  FEYER 


[VOL.  XI! 


General 

aspect 


Temperature 


Undulatory 

type 


Rekiion  of 
temperature 
to  severity 


Average 

duration 

femr 


^2] — SvinptoiHs  aai  Complicatiotts  CoininoE  to  All  Tj'pes 
It  is  necessary  to  supplement  the  foregoing  outline  by  a  more  detailed 

account  of  the  protean  symptoms  of  this  disease,  classified  as  they  may 
appear  in  connexion  with  various  systems  and  parts  of  the  body. 

The  patient’s  condition,  especially  at  the  beginning  of  an  attack, 
may  sussest  early  typhoid  or  paratyphoid  fever.  Nlore  usually  he  is 
pale,  weary,  and  listless,  and  as  the  attack  drags  its  slow  length  along 
he  may  become  so  wasted  and  anaemic  as  to  resemble  an  advanced 
case  of  pulmonary  tuberculosis.  In  contradistinction  to  this,  it  is 
surprisins  how  other  patients  in  spite  of  long-continued  fever  remain 
in  excellent  condition  and  show  few  or  no  clinical  signs  except  an 
elevated  temperature. 

The  undulatory  character  of  the  fever  is  the  most  constant  of  the 
inconstant  signs' of  this  disease.  The  febrile  wave  commonly  lasts  from 
about  ten  days  to  three  weeks  but  may  extend  to  six  weeks  or  even 
looser  (see  Fig.  25).  After  the  temperature  returns  to  normal  there  is  an 
intermission  of  a  few  days,  sometimes  ten  or  twelve,  but  I  have  seen 
febrile  relapses  after  a  month  of  normal  temperature.  About  three 
relapses  is  an  average  number.  The  temperature  commonly  climbs  and 
later  descends  by  a  series  of  gradations,  but  either  the  rise  or  the  fall 
may  be  abrupt. 

When  the  undulatory  type  of  fever  is  maintained  the  recurring  waves 
often  become  shorter  in  duration,  more  markedly  remittent,  and  show 
lengthening  intermissions;  but  from,  a  study  of  one  wave  it  is  impossible 
to  foretell  what  characters  the  succeeding  waves  may  assume.  Further, 
the  temperature  may  begin  with  one  or  more  undulations  and  later 
become  continuous.  Similarly,  though  less  often,  the  reverse  sequence 
occurs.  Even  when  the  fever  is  continued,  an  examination  of  the  chart, 
especially  if  4-hourly  records  are  kept,  may  show  irregular  undulatory 
curves.  The  daily  fever  is  typically  remittent,  falling  in  the  morning  to 
or  2“  F.  below  the  evening  reading;  these  remissions,  especially  in 
the  later  stages,  may  be  so  marked  as  to  give  the  saw-backed  chart 
of  hectic  fevers. 

Except  when  the  temperature  is  maintained  at  a  continuous  high 
level,  over  103"  F.,  it  is  impossible  in  undulant  fever  to  gauge  the 
degree  of  severity  of  an  attack  from  a  study  of  the  temperature  chart. 
Two  patients,  one  of  whom  is  prostrated,  wasted,  and  anaemic,  and 
the  other  in  good  condition,  enjoying  his  meals,  and  interested  in  all 
the  events  of  the  day,  may  have  identical  records  of  fever.  One  of 
my  patients  was  of  necessity  nursed  at  home  with  only  a  day  nurse  in 
attendance.  During  her  sixth  relapse  with  a  high  remittent  temperature, 
which  in  most  diseases  would  have  implied  inability  to  stir  out  of  bed, 
she  crept  downstairs  night  after  night  before  detection  and  busied 
herself  in  making  up  her  arrears  of  private  correspondence. 

When  undulant  fever  was  widely  endemic  in  the  garrison  of  Malta 
the  duration  of  pyrexia  averaged  from  two  to  three  months.  Individual 
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cases  may  far  exceed  this  average  and  a  number  are  on  record  in  which 
fever  persisted  for  two  years. 

In  marked  contrast  to  most  febrile  diseases,  the  skin  is  characteristic-  Skin 
ally  moist,  and  even  a  high  temperature,  unless  this  is  maintained 
without  remission,  does  not  give  subjective  sensations  of  dryness  and 
burning  heat.  Sensible  perspiration  is  a  prominent  feature  and,  especi¬ 
ally  when  accompanying  febrile  remissions,  may  amount  to  drenching 
sweats  which  come  on  after  midnight  and  during  the  small  hours  of  Swernmg 
the  morning.  This  profuse  sweating,  especially  late  in  the  disease,  can 
be  very  exhausting  to  the  patient  and  troublesome  to  Ms  attendants. 


Fig.  25.— Unduiant  fever  (Br.  melitensis)  during  tenth  month  of  attack.  Patient 
was  cheerful  and,  except  for  feeling  of  heat  at  night,  made  no  complaint.  Good 
appetite.  Spleen -f-  +;  Liver +  ;  red  blood  count  5,200,000:  haemoglobin,  70  per 
cent:  leucocyte  count  4,000;  polymorphonuclear  le'ucoc>des,  47  per  cent;  lympho¬ 
cytes,  47  per  cent.  Br,  melitensis  isolated  on  several  occasions  from  both  blood 
and  urine;  no  blood  culture  made  after  sixth  month,  when  organism  was  still 
present.  Agglutination  positive  in  1  in  1,000;  negative  up  to  1  in  500.  Fever 
persisted  for  about  two  months  longer 


Other  patients  pass  through  an  attack  even  of  long  duration  without 
perspiring  more  than  is  sufficient  to  keep  the  skin  from  feeling  hot 
and  dry. 

Uncomplicated  unduiant  fever  does  not  produce  any  characteristic  Exanthem 
exanthem,  but  various  types  of  rash  may  result  from  excessive  perspira¬ 
tion,  and  prickly  heat  is  sometimes  troublesome.  One  of  my  patients 
during  a  relapse  developed  an  extensive  exanthem  so  like  the  pleo¬ 
morphic  form  sometimes  met  with  in  paratyphoid  fever  as  to  suggest 
for  a  time  the  possibility  of  this  disease  as  a  concomitant  infection. 

Staphylococcal  boils  are  a  troublesome  complication  in  debilitated  Boils  and 
subjects,  as  are  small  superficial  abscesses  of  the  skin  due  to  localized 
invasion  by  Br.  melitensis.  As  a  result  of  general  weakness  the  hair  may  Loss  of  hair 
fall,  which  intensifies  the  prematurely-aged  appearance  of  a  wasted 
subject,  but  the  loss  is  not  permanent. 

The  tongue  is  characteristically  large,  flabby,  moist,  and  furred,  with  Mouth  ■ 
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the  tip  and  edges  clean.  As  a  rule  the  fur  is  whitish  or  silvery,  and  so  long 
as  it  persists  the  patient  cannot  be  regarded  as  free  from  the^  danger 
of  relapse  however  well  he  may  otherwise  appear.  If  a  condition  of 
severe  debility  and  anaemia  develops  the  tongue  may  become  in  parts 
red  and  raw  through  loss  of  its  superficial  epithelium.  In  the  same  type 
of  case  aphthous  ulcers  are  common  in  the  mouth  and  the  gums  become 
spongy,  tender,  and  bleed  readily.  In  hypertoxic  forms  of  the  disease 
the  tongue  may  take  on  the  dry  brown  shrunken  character  found  in 
the  'typhoid’  state. 

Siomach  Some  degree  of  indigestion  is  usual  and  in  mild  infections  may  be  the 
onlv  complaint.  The  patient  may  describe  the  symptoms  referable  to 
the  stomach  as  a  sense  of  ‘fullness’  with  local  tenderness  and  diminution 
of  appetite;  or  they  may  amount  to  a  severe  dyspepsia  so  that  many 
cases  of  mild  undulant  fever  have  run  their  course  under  some  ^such 
symptomatic  label.  Marked  anorexia  is  not  usual  in  attacks  of  ordinary 
•  severity.  Vomiting  is  rare  but  may  occur  at  the  onset  of  a  severe  infec¬ 
tion  or  at  the  onset  of  a  relapse.  On  the  other  hand,  even  with  prolonged 
fever  the  appetite  often  remains  good  throughout. 

Constipaiion  As  a  rule  the  bowels  are  constipated  or  irregular  and  the  stools  offen- 

and  diarrhoea  sive.  Especially  in  the  'malignant’  type,  diarrhoea  with  passage  of  foul 
stools  maybe  present  early,  but  at  any  stage  sudden  attacks  of  diarrhoea 
may  be  a  troublesome  complication  in  a  patient  previously  constipated. 
Sometimes  these  can  be  traced  to  unsuitable  food  or  to  overloading 
the  stomach,  but,  apart  from  disturbance  due  to  such  dietetic  errors, 
acute  symptoms  of  a  dysenteric  character  may  supervene.  The  stools 
in  such  attacks  often  contain  considerable  quantities  of  mucus,  and 
traces  of  blood,  perhaps  only  microscopic  in  amount,  may  be  detected, 
and  this  without  any  ascertainable  evidence  of  an  added  dysenteric 
infection. 

Spleen  The  spleen  is  nearly  always  enlarged  to  some  extent,  as  can  be  demon¬ 

strated  at  first  by  percussion  and  later  by  palpation.  The  degree  of 
enlargement  of  the  organ  is  not  proportional  to  the  duration  of  the 
disease,  and  in  some  instances  splenic  enlargement  which  originally 
was  easily  appreciable  on  palpation  can  not  be  detected  later.  If  the 
spleen  is  not  palpable,  tenderness  of  the  organ  may  be  demonstrated 
by  digital  pressure  below  the  costal  margin.  In  addition  to  splenic 
tenderness  there  is  a  liability  to  considerable  and  even  very  severe  pain 
due  to  perisplenitis. 

Liver  In  most  cases  the  liver  is  enlarged  and  the  lower  margin  palpable  and 

tender  on  pressure.  Jaundice,  usually  slight  in  degree,  is  occasionally 
present. 

Respiratory  There  is  a  great  liability  to  involvement  of  the  chest.  Even  early  in 

system  disease  catarrh  of  the  air-passages  is  very  common  as  shown  by 

Cough  cough,  particularly  in  the  morning.  The  cough  may  be  dry  and  in¬ 
effective  or  may  give  relief  by  freeing  the  passages  from  tenacious  mucus. 
MrmcMth  The  early  respiratory  catarrh  often  progresses  to  a  definite  bronchitis, 
localized  or  more  general.  When  localized,  the  base  of  the  lung  is  most 
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frequently  involved,  and  a  majority  of  prolonged  cases  show  the 
physical  signs  of  basal  congestion,  A  .much  .more  serious  complication 
is  broncho-pneumonia  which  is  a  contribiito,ry  cause  of  death  in  most  Broncho- 
of  the  cases  which  end  fatally.  As  in  enteric  fever,  there  may  be  early 
involvement  of  the  lungs  so  that  the  initial  symptoms  a,re  those  of  acute 
pneumonia.  Occasionally  pleurisy,  either  dry  or  with  effusion,  develops  Pleurisy 
in  the  course  of  an  attack,  a  disqu,ieti!ig  event  as  there  is  always  the 
possibility  that  a  latent  tuberculous  infection  may  have  become  active. 

The  pulse-rate  is  not  affected  in  any  characteristic  fashion  but  varies  Puke 
in.  keeping  with  the  degree  of  fever  and  the  general  severity  of  the  disease.. 

A  secondary  anae.mia  is  to  be  expected.  Even  when  the  number  of  the  Amemm 
red  corpuscles  is  fairly  w^eli  maintamed,  as  it  may  be  whatever  the  dura¬ 
tion  of  the  disease,  the  haemoglobin  is  usually  considerably  reduced  in 
amount.  In  other  cases  the  anae.mia  may  be  so  severe  as  to  dominate 
the  clinical  picture,  giving  rise  to  distressing  palpitation  on  sl.i.ght 
exertion  or  mental  excitement,  to  oede.ma,  and  purpuric  and  other 
haemorrhages.  In  the  past  these  symptoms  were  apt  to  be  aggravated 
by  an  added  scorbutic  element. 

The  total  white-cell  count  is  reduced;  in  cases  of  ordinary  severity  White  cells 
4,000  to  6,000  cells  per  c.mm.  is  an  average  finding.  The  reduction  a.ffects 
mainly  the  polymorphonuclear  cells,  with  a  consequent  relative  lympho¬ 
cytosis.  The  large  mononuclear  cells  are  normal  or  reduced  in  number, 
actually  and  relatively.  The  white-cell  response  to  some  septic  stimulus 
may  amount  to  an  actual  leucocytosis,  as  in  a  patient  under  my  care 
in  whom  a  complicating  acute  hepatitis  of  undetermined  nature,  and 
not  affected  by  emetine,  temporarily  raised  the  wEite-cell  count  to 
20,000  per  c.mm.  In  similar  circumstances  wken  the  patient’s  defensive 
mechanism  has  become  more  exhausted,  an  increase  in  the  number  of 
white  cells,  if  it  occurs  at  all,  is  likely  to  be  appreciated  only  by  com¬ 
parison  with  counts  made  before  the  onset  of  the  septic  complication. 

But  a  leucocytosis  of  some  degree  is  possible  at  any  stage  and  is  some¬ 
times  found  as  a  late  and  even  terminal  event  in  prolonged  infections. 

The  heart  muscle  may  show  signs  of  weakness  due  to  toxic  degenera-  changes  in 
tion  or  anaemia.  Pericarditis,  with  or  without  effusion,  and  more  rarely 
endocarditis  occasionally  develop.  Ulceration  of  .the  cardiac  valves, 
probably  a  reactivation  or  extension  of  pre-existing  lesions,  has  been 
found  after  death. 

Among  the  early  symptoms  weariness  and  physical  and  mental  lassi-  Nervous 
tude  are  outstand.mg;  as  the  period  of  toxaemia  lengthens,  the  patient 
tends  to  be  increasingly  depressed.  Rarely  prostrated  enough  to  be 
indifferent  to  his  condition,  he  sees  his  disease  dragging  on,  or  relapse 
following  relapse,  and  he  becomes  hopeless  and  despondent,  with  out¬ 
bursts  of  irritability  when  he  rails  at  his  hard  lot  These  exacerbations 
most  often  follow  a  fall  of  temperature.  In  prolonged  and  severe  attacks 
there  may  be  some  mental  confusion  and  blurring  of  memory  for  small 
details,  the  latter  disability  at  times  persisting  far  into  convalescence. 

Delirium  is  not  common.  The  nervous  hypertension  is  characteristically  Reflexes' 
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accompanied  by  an  exaggeration  of  the  deep  reflexes.  Even  in  the  mild 
tvpe  of  case  depression,  listlessness,  and  irritability  are  usual,  perhaps 
bdno  more  ob^Ls  to  the  patient’s  friends  than  to  himself.  Thus^after 
two  or  three  weeks  of  sustained  good  health  which  has  raised  hopes 
that  the  disease  has  burned  itself  out,  the  conva  escent  obviously 
losing  interest  in  his  pursuits  and  tires  more  easily  and,  although  he 
still  protests  his  good  health,  his  experienced  friends  realize  that 

another  relapse  is  imminent.  ^ 

In  the  late  stages,  as  a  result  of  toxaemia  and  associated  debility, 
attacks  of  localized  neuralgia  and  neuritis  are  common.  Any  nerve 
or  group  of  nerves  may  be  affected,  including  either  or  both  of  the 
sciadcs  Areas  of  the  skin,  particularly  in  the  lower  extremities,  become 
painfuliy  hypersensitive  to  light  touch  from  involvement  of  cutaneous 
Lrve-fibres,  recalUng  the  ‘tender  toes’  of  typhoid  fever.  The  nerve 
manifestations  may  progress  to  a  definite  peripheral  neuritis  with 

wasting,  abolished  knee-jerks,  and  foot-drop. 

Espedally  in  superficial  areas,  it  is  often  difficult  to  say  whether  a 
nerve  or  some  associated  or  adjacent  fibrous  tissue,  e.g.  nerve  sheath 
or  aponeurosis,  is  the  seat  of  inflammation.  For  this  reason  fl  is  appro¬ 
priate  to  point  out  that  fibrous  tissue  wherever  situated  is  bable  to 
inflammatory  involvement.  The  tendency  to  neuritis  and  fibrositis 
with  the  resulting  aches,  pains,  and  tenderness,  accounts  for  the  ig 
incidence  of  non-articular  ‘rheumatism’  formerly  recorded  m  the 


sarrison  at  Malta.  ^  *r+ 

"^Arthritis  is  one  of  the  common  complications  and  in  the  military 

cases  in  Malta  was  recorded  in  about  40  per  cent.  There  may  be  an 
acute  onset  with  sudden  effusion  into  one  of  the  large  joints  but  more 
often  the  involvement  is  subacute.  Except  that  the  acute  form  some¬ 
times  accompanies  the  initial  febrile  wave,  arthritis  is  a  late  complica¬ 
tion;  but  in  mild  and  ambulatory  cases  its  onset  may  be  the  first  reason 
to  bring  the  subject  under  medical  notice,  or  the  first  to  suggest  to  an 
alert  practitioner  the  true  significance  of  some  preceding  indefinite 
symptoms.  The  affected  joints  are  painful  and  tender  but  are  rarely 
red  and  do  not  suppurate.  In  the  subacute  form  there  may  be  little 
effusion  into  the  joint  cavity,  and  neighbouring  structures  and  tissues 
may  be  affected  much  more  than  the  articulation.  After  a  few  days 
the  inflammation  may  subside,  often  only  to  reappear  in  some  other 
joints  and  tending  on  the  whole  to  move  from  large  to  small  joints. 
The  condition  is  usually  painful  and  distressing  to  the  patient,  and 
when  the  intervertebral  or  sacro-iliac  joints  become  affected  every 
movement  may  be  an  agony.  In  Hughes’s  extensive  senes  of  cases,  the 
joints  were  involved  in  the  following  order  of  frequency;  hip,  knee, 
shoulder,  ankle,  wrist,  fingers,  toes,  elbow,  intervertebral,  sacro-iliac, 
and  maxillary.  Stiffness,  with  discomfort  on  movement,  may  persist 
during  and  even  after  convalescence,  but  there  is  no  permanent  dis¬ 
ability.  Tendon  sheaths  are  subject  to  similar  inflamiriatory  involve¬ 
ment  and  effusion. 
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Except  for  the  presence  of  the  causal  organism,  the  urinary  changes  Changes  in 
are  not  diagnostic.  The  quantity  of  ’urine  and  its  constituents  are 
affected  by  the  height  of  the  fever  and  the  amount  of  sweating. 
Urobilinogen  is  increased  in  amount  in  a  majority  of  cases.  Al  buminuria  Umbiimogefi 
is  no  part  of  the  disease,  though  glomerulitis  may  occur  as  an  occasional 
complication.  In  long-continued  attacks  signs  of  chronic  nephritis  Chrmic 
sometimes  become  evident,  a  development  which  suggests  some  pre- 
existing  damage  to  the  kidneys.  Severe  inflammatory  complications 
of  the  genito-urinary  system,  e.g.  vesiculitis,  may  give  rise  to  blood 
in  the  urine. 

Inflammation  of  the  testis  is  a  recognized  late  complication  and  is  OrchiHs 
liable  to  occur  during  a  relapse.  It  commonly  begins  in  the  epididymis 


Fig.  26. — Undulant  fever  (Br.  melitensis)  complicated  by  acute  streptococcal 
mastoiditis  requiring  operation  on  166th  and  175th  days  of  disease,  with  eventual 
recovery 

and  may  spread  to  the  body  of  the  organ.  Such  attacks  vary  in  severity 
from  an  acute  inflammation  with  great  pain,  tenderness,  redness, 
swelling,  and  effusion,  to  an  affection  so  mild  that  a  feeling  of  heaviness 
in  the  organ  and  some  tenderness  on  pressure  are  the  only  indications. 

Usually  only  one  testis  is  affected,  and  recovery  is  complete.  Without 
objective  signs  of  inflammation,  patients  may  complain  of  neuralgic 
pain  in  the  testis.  In  extensive  series  of  cases,  the  recorded  incidence  of 
orchitis  varied  from  4  to  15  per  cent.  Ovaritis  and  also  endometritis.  Ovaritis 
sometimes  with  abortion,  may  occur. 

The  circulating  bacteria  or  their  products  may  affect  practically  any  Other 
organ  or  tissue  in  the  body  in  such  a  way  as  to  bring  about  some  compbcatmm 
complication.  In  addition  to  those  already  noted  the  following  have 
been  recorded:  meningitis,  encephalitis,  myelitis,  peritonitis,  pyelitis, 
cystitis,  prostatitis,  urethritis,  vesiculitis,  osteitis,  otitis  media  and 
mastoiditis  (see  Fig.  26),  osteomyelitis,  periostitis,  mastitis,  pancreatitis, 
parotitis  and  inflammation  of  other  salivary  glands,  and  phlebitis. 
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6.-PROGNOSIS 

In  E  dissESC  so  V3.ri3.bi6  in  its  course  prognosis  is  notoriousiy  difficult. 
On  the  whole  an  attack  with  intermissions  is  more  favourable  than 
one  with  continued  fev'er.  A  maintained  high  temperature,  a  falling 
agglutination-titre  in  a  patient  who  remains  seriously  ill,  and  persisting 
asthenia  and  anaemia  are  all  disquieting  signs.  The  importance  of  a 
furred  tongue  as  indicating  the  danger  of  further  relapse  has  been 
already  stressed.  At  any  stage  the  onset  of  some  complication  may- 
transform  a  mild  and  seemingly  favourable  case  to  one  of  the  utmost 

gravity.  _  r-  , 

Mortalitv  The  death-rate  is  low  in  proportion  to  the  seriousness  of  the  disease  as 
a  cause  of  sickness  and  invaUdism.  In  the  large  numbers  of  cases  formerly 
occurring  in  the  British  garrisons  in  the  Mediterranean  region  the 
mortality  averaged  from  2  to  3  per  cent.  In  individual  outbreaks, 
however,  the  death-rate  may  reach  10  per  cent. 


7.-DIAGNOSIS  AND  DIFFERENTIAL  DIAGNOSIS 

Of  the  major  infective  fevers  undulant  fever  is  the  most  likely  to  be 
unidentified  for  often  there  is  little  to  suggest  the  diagnosis  to  one 
who  has  not  the  disease  already  in  mind.  The  initial  detection  of  an 
indigenous  case  in  some  locality  usually  leads  to  recognition  of  a  senes 
of  other  cases  of  the  disease. 

The  possibility  of  a  Brucella  infection  should  always  be  entertained 
in  any  case  of  fever  of  undetermined  origin,  especially  if  prolonged, 
which  is  associated  with  leucopenia  or  at  any  rate  with  the  absence 
of  leucocytosis.  If  the  pyrexia  is  of  an  undulating  type,  a  character 
found  in  some  60  per  cent  of  cases,  or  if  there  are  few  objective  signs 
to  account  for  the  fever,  the  probability  of  undulant  fever  is  increased. 
Other  signs  to  be  looked  for  are:  dyspepsia,  a  white-coated  tongue, 
the  association  of  fever  and  a  moist  skin,  an  enlarged  soft  spleen, 
mental  and  physical  lassitude,  arthritis,  and  orchitis,  though  these  are 

not  necessarily  present.  _  ■  +  * 

Common  In  ambulatory  cases  suspicion  may  be  aroused  by  a  history  of  persistent 
symptoms  of  qj.  recurrent  dyspepsia,  and  formerly  medical  officers  in  Malta  were 
advised  to  take  temperature  readings  in  all  cases  of  ‘indigestion’. 
Another  common  history  is  that  the  subject  feels  well  in  the  mornmg, 
but  towards  the  evening  he  ‘crumples  up’,  looks  tired  and  worn,  and 
may  be  aware  of  sensations,  possibly  very  slight,  of  a  rise  of  tempera¬ 
ture.  The  first  suggestive  event  may  be  the  onset  of  some  complication. 

Two  illustrative  personal  cases  may  be  mentioned.  One  man  sought  advice 
because  of  recurring  crops  of  boils  of  recent  origin;  and  the  other,  while 
on  holiday  in  England,  developed  multiple  arthritis  which  was  dogmatica.lly 
ascrited  to  dental  infection.  Although  neither  would  admit  to  any  preceding 
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defiBite  illiiess,  each  gave  a  history  of  having  felt  vague! v  ‘out-of-sorts’ 
intermittently,  over  a  period  of  several  mooths.  The  possibility  of  uiidiilarit 
fever  was  strengthened  by^  the  fact  that  both  men  had  come  from  localities 
where  the  disease  was  known,  and  consequent  laboratory  examiiiatioiis 
proved  this  to  be  present. 

In  no  infective  disease  is  laboratory  iiivestigation  more  irnportaiit,  Laboratory 
for  without  such  aid  many  cases  of  undulant  fever  will  pass  unrecog-  ' 

nized  and  in  others  the  diagnosis  will  be  little  better  than  a  guess.  As 
already  indicated,  undulant  fever  is  more  likely  to  be  diagnosed  as 
other  diseases  than  these  as  undulant  fever,  and  one  point  that  should 
always  bring  a  Brucella  infection  to  mind  is  a  normal  or  diminished 
white-cell  count  in  an  unidentified  fever  of  more  than  seven  days’  Leumpema 
duration. 

In  most  cases  Br,  melitensts  can  be  recovered  from  the  blood.  This  is  Bhod  culture 
best  taken  at  the  beginning  of  a  febrile  wave  or,  failing  this,  at  the 
height  of  the  daily  excursion  of  temperature.  Flasks  of  glucose  broth 
or  other  suitable  medium  are  inoculated  and  should  not  be  discarded 
as  negative  within  a  period  of  at  least  one  month.  Blood  culture  is 
preferably  carried  out  as  early  as  possible  in  an  attack,  but  the  organism 
may  be  recovered  after  months  of  fever.  When  it  is  impossible  to  exclude 
infection  with  Br,  abortus^  a  part  of  the  blood  withdrawm  should  be 
incubated  with  the  special  precautions  necessary  to  grow  that  organism. 

(See  Abortus  Fevtr,  VoL  I,  p.  73.)  Br,  melitensis  is  generally  present  Urine  culture 
in  the  urine  at  some  time,  especially  during  defervescence,  though 
repeated  cultures  may  be  required  for  its  detection.  In  the  interpretation 
of  results  of  the  agglutination  test,  the  following  suggestions  of  Topley  Agglutimimn 
and  Wilson  relative  to  Brucella  infections  in  general  should  be  con- 
sidered. 

(1)  A  titre  of  1/80  or  less,  in  the  absence  of  clinical  symptoms,  is 
indicative  either  of  a  latent  Brucella  infection,  or  of  a  past  infection — 
not  necessarily  attended  by  definite  disease.  (2)  A  titre  of  1/80  or  over, 
in  the  absence  of  clinical  symptoms  or  of  a  recent  pyrexia!  attack,  is 
suggestive  of  frequent  infections,  usually  occurring  in  persons  drinking 
large  quantities  of  infected  raw  milk  or  exposed  to  contact  with  infected 
animals  or  carcasses.  (3)  A  titre  of  1  /80  or  over  in  the  presence  of  pyrexia 
and  other  symptoms  of  disease,  occurring  in  a  person  whose  occupation 
or  habits  do  not  expose  him  to  special  risk,  is  very  suggestive  of  active 
infection  with  a  member  of  the  Brucella  group.  In  persons  belonging 
to  the  occupational  classes  referred  to,  in  whom  a  latent  infection  is 
not  uncommon,  a  titre  of  1  /80  is  too  low  to  be  of  diagnostic  significance. 

On  the  other  hand,  a  titre  of  1/1000  or  over  is  rarely  met  with  except 
as  the  result  of  an  active  infection,  and  may  usually  be  regarded  as 
evidence  of  undulant  fever.  (4)  A  titre  of  1/20-1/80,  in  the  presence 
of  clinically  undulant  fever,  may  likewise  be  considered  as  practicahy 
diagnostic  of  this  disease.  (5)  The  complete  absence  of  agglutinins  from  ' 
a  patient  s  serum  does  not  exclude  the  diagnosis  of  Brucella. .iv^ectiou. 

Cases  are  on  record  in  which  a  positive  blood  culture  has  been  obtained 
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i‘n  the  prescBce  of  a  negative  agglutination  reaction.  Agglutinins  are 
italK  pSe«  in  a  auggastive  litre  by  .he  end  of  .he  2nd  iveek  and 
Tn  frank  cases  of  undulant  fever  they  generally  rise  to  a  titre  of  l  ,6-+0 
I  4f.er  .he  attack  is  over  they  .end  .0  fall  fairly  rapidly,  and  may 
ILTto.  low  level  ivi.hin  3  months.  There  is  ev.dence  that  m  chronic 
cases  they  may  fall  even  during  the  period  of  active  infection,  so  that 
ioo  mnch  stress  must  not  be  laid  on  a  negative  agglutination  reaction 
in  patients  whose  pyrexia  has  lasted  for  some  months. 

Attention  must  be  called  to  the  not  infrequent  occurrence  of  a  prozone, 
sometimes  extending  to  even  1/640  in  high-titre  sera.  For  this  reason  a 
wide  range  of  dilutions  should  always  be  put  up. 

The  melitin  test  is  an  allergic  reaction  provoked  by  intradermal  injection 
of  either  a  filtrate  of  a  broth  culture,  or  a  killed  suspension,  of  Br  mebteiisis. 
2  tbe  first  mentioned  method,  0-05  to  0-1  c.c.  of  a  20-day  culture  may  be 
1  A  thp  Ifitter  0*'^  cc  of  a.  killed  broth  culture  contaiiung  a 

ScToiiisms.  In  a  posi.be  r'cac.ion  a  red  oedemMous  are.  resulB  a. 
oflnieclion  and 

the  same  sub  ect  are  necessary.  Other  forms  oi  aniigen,  c.g 

nor^rorof  bacteria  dried  in  vacuo  for  forty-eight  hours,  have  been  devised 
and  employed.  The  reaction  may  remain  positive  long  after  recove^  rom  an 
aual  of Ssease.  In  its  general  utility  this  test  is  inferior  to  agglutination. 

Undulant  fever  is  commonly  confused  with  diseases  of  the  enteric 
group,  especially  during  the  first  weeks.  The  resemblance  is  heighte 


by  the  fact  that  in  the  tropics  the  typhoid  rash  is  often  absent  and 
constipation  is  common.  In  enteric  fever  there  is  as  a  rule  greater 
prostration  in  proportion  to  the  temperature,  and  sweating  is  not  pro¬ 
minent.  In  mild  attacks  of  typhoid  fever,  and  more  commonly  in 
paratyphoid  fever,  there  may  be  little  general  disturbance  in  spite  of  a 
high  temperature,  so  that  clinical  diagnosis  is  very  difficult.  The  occur¬ 
rence  of  a  relapse  may  produce  a  temperature  chart  closely  resembling 
that  of  undulant  fever  (see  Fig.  27). 

Frommmebk  imdulant  feyer  and  amoebic  abscess  of  the  liver  wasting,  anaemia,  a 

prolonged  swinging  temperature,  chills,  and  drenching  sweats  may  be 
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present.  In  liver  abscess  a  lencocytosis  of  about  15.000  per  c.mm.  is 
to  be  expected.  Subjective  or  objective  signs  of  li\er  involvenient,  if 
these  are  in  evidence,  will,  suggest  local  examination  by  screening  and 
skiagrams,  and  emetine  may  have  a  markedly  benenciai  etfeci.  Amoebic 
abscess  does  not  of  itself  cause  enlargement  of  the  spleen. 

Wasting,  anaemia,  cough,  sweating,  and  a  swinging  temperature  are 
common  to  pulmonary  tuberculosis  and  undulant  fever,  and  dilTereniia- 
tion  may  present  a  very  real  difficulty.  The  occurrence  of  patches  of 
pulmonary  congestion,  broncho-pneumonia,  or  pleurisy  in  undulant 
fever  may  give  equivocal  appearances  in  radiographs.  Even  if  demon¬ 
strable  proof  of  tuberculosis  is  forthcoming,  concurrent  uiidu,lant  fever 
is  not  necessarily  excluded.  The  clinical  similarity  of  these  two  diseases 
gave  rise  to  the  old  belief  regarding  the  hopeful  prognosis  in  pulmonary 
tuberculosis  originating  in  the  Mediterranean  region. 

The  presence  of  parasites  in  the  blood,  and  the  effect  of  quinine  or 
other  specific  drug,  should  determine  the  diagnosis  of  subtertian  malaria. 
Malaria  and  undulant  fever,  howwer,  may  occur  together,  and  in 
any  patient  the  demonstration  of  malaria  parasites  merely  indicates 
the  existence  of  a  malarial  infection  and  does  not  necessarily  imply 
that  all  symptoms  are  due  to  malaria. 

In  the  first  months  of  kala-azar  the  sense  of  well-being,  persisting 
appetite,  recurring  waves  of  fever,  and  the  leucopenia  have  led  to 
confusion.  The  temperature  in  undulant  fever  does  not  show  the 
double  remission  of  kala-azar,  nor  is  the  spleen  firm  on  palpation. 
The  recovery  of  Leishmania  from  the  blood,  bone  marrow,  or  liver 
will  settle  the  diagnosis.  A  negative  aldehyde  reaction  is  strong  evidence 
against  kala-azar  if  the  symptoms  are  of  three  months’  duration.  Owing 
to  the  greater  danger  of  haemorrhage,  splenic  puncture  should  be 
avoided  if  Brucella  infection  has  not  been  definitely  excluded. 

Although  there  is  no  sign,  symptom,  or  complication  in  Br.  melitemis 
infection  which  might  not  occur  in  abortus  fever,  the  latter  is  generally 
shorter  and  milder  and  has  fewer  complications;  and  further  the 
causal  organism  is  more  difficult  to  isolate.  That  is  to  say,  the  tw^o 
diseases  differ  in  the  same  respects  as  typhoid  and  paratyphoid  fevers. 
Br,  suis  infections  tend  to  be  milder  than  those  due  to  Br,  melitemis 
but  more  severe  than  abortus  fever,  thus  occupying  an  intermediate 
position. 

Other  conditions  that  may  give  rise  to  error  or  difficulty  are:  strepto¬ 
coccal  septicaemia,  especially  if  accompanied  by  arthritis;  Bact,  coli 
septicaemia;  ulcerative  endocarditis  {Brucella  may  be  superimposed 
on  valves  already  damaged);  and,  in  the  event  of  an  onset  with  meningeal 
symptoms,  cerebrospinal  meningitis.  These  infections  are  associated 
normally  with  leucocytosis,  an  important  differential  character.  Early 
Hodgkin’s  disease,  when  accompanied  by  febrile  waves  (Pel-Ebstein 
type),  might  suggest  undulant  fever.  On  the  other  hand  undulant  fever 
beginning  with  vomiting  and  severe  diarrhoea,  as  in  the  "malignant’ 
type,  has  been  diagnosed  as  an  infection  with  one  of  the  food-poisoning 
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group  of  organisms.  The  time  element  will  serve  to  distinguish  it  from 
influenza,  sand-fly  fever,  and  dengue. 


8.-TREATMENT 

The  enumeration  of  the  possible  sources  of  infection  in  man  (see 
p.  363)  indicates  the  lines  along  which  preventive  measures  can  be 
instituted. 

There  is  no  specific  curative  treatment  for  undulant  fever,  and  the 

irregular  and  uncertain  course  of  the  disease  makes  it  more  than 
usually  difficult  to  appraise  the  value  of  the  various  medicaments  that 
have  been  advocated.  Temperature  charts  produced  as  evidence  of  the 
efficacy  of  some  particular  treatment  can  usually  be  matched  by  those 
of  other  patients  treated  only  on  general  lines. 

It  is  a  good  practice  to  preface  the  dietary  regime  by  a  mild  purge. 
No  routine  diets  can  be  laid  down,  for  the  nature  and  quantity  of  the 
food  to  be  given  depend  on  the  patient’s  appetite  and  power  of 
assimilation.  The  danger  of  over-taxing  the  digestion  must  be  kept  in 
mind.  It  is  well  to  begin  with  a  basis  of  milk,  sterilized  preferably  by 
pasteurization  unless  the  source  is  above  suspicion,  and  milk  prepara¬ 
tions— custards,  junket  if  possible,  or  egg  and  milk,  according  to  the 
patient’s  taste.  He  should  be  encouraged  to  drink  daily  two  or  three 
pints  of  fresh  orangeade  or  lemonade,  with  glucose  added.  The  raw 
yolk  of  one  or  more  eggs  beaten  up  in  orange-juice  makes  a  palatable 
and  nourishing  meal.  The  known  essential  food  factors  must  be 
included.  Halibut-liver  oil,  because  of  its  small  dose,  can  usually  be 
assimilated  without  difficulty.  Yeast  is  an  important  addition  and 
may  help  digestion.  Fresh  brewers’  yeast,  however  disguised,  is  often 
distasteful  and  can  be  replaced  by  dried  yeast  tablets  prepared  by 
some  reliable  firm,  giving  the  equivalent  of  two  drachms  of  brewers’ 
yeast  daily.  Marmite  in  drachm  doses  is  useful  as  a  substitute  or  variant 
for  yeast.  Having  proved  the  patient’s  capability  of  absorbing  a  low 
diet,  the  amount  of  food  can  be  increased,  but  every  untested  addition 
must  be  made  with  caution  and  in  small  quantity .  Here  the  patient  s 
own  inclinations  are  helpful.  Fresh  fruit,  salads,  and  the  like  when 
obtainable,  can  be  added  and,  if  all  goes  well,  the  stage  of  fish  diet 
may  soon  be  reached.  Some  patients  retain  their  appetite  throughout 
and  do  well  on  a  plain  ordinary  diet,  but  this  should  be  well  balanced 
and  include  the  accessory  food  factors  mentioned.  In  such  cases  it  is 
best  to  give  the  main  meal  in  the  middle  of  the  day  and  a  light  meal 
at  night.  If  a  patient  who  is  taking  a  fairly  liberal  diet  feels  inclined  to 
omit  a  meal  he  should  not  be  pressed  to  eat.  Indeed,  an  occasional 
day  of  low  diet  may  stimulate  the  appetite  appreciably. 

Sleeplessness  is  both  exhausting  and  depressing  and  one  of  the  newer 
synthetic  hypnotics,  such  as  sodium  barbitone,  should  be  employed 
without  hesitation  to  secure  rest.  Excessively  high  temperatures  are 


s.KEY  15711  TREATMENT  377 

controlled  by  hydrotlierapy;  febrifuge  drugs  are  likely  to  'have  a 
depressant  effect  and  are  therefore  contra-indicated. 

Preparations  of  various  metallic  salts  and  dyes  have  been  employed  Specu! 
for  intravenous  injection..  They  are  of  doubtful  \-alue  and  none  can 
be  regarded  as  a  specific.  Sutphaniiamide  has  been  advocated  in  a  SuJpk- 
dosage  of  7-|  to  15  grains  (0-5  to  1-0  gramk  thrice  daily  by  mouxli,  or 
in  an  equivalent  dosage  by  injection.  In  spite  of  reported  successes  in 
some  cases  there  has  been  no  appreciable  benefit  in  others.,  and  a 
subsequent  relapse  has  not  been  averted.  If  no  improvement  results 
within  a  week,  the  t.reatmeiit  should  be  discontinued.  In  debilitated 
and  anaemic  patients  the  drug  should  be  given  with  caution  and  its 
effects  carefully  watched.  Other  preparations  of  the  siiipho.Qaiiiide 
class,  known  by  various  proprietary  names,  have  also  been  used, 
generally  in  the  dosage  recommended  by  the  makers  for  syste.mic 
infections.  In  spite  of  some  claims  to  successful  results,  .it  is  too  early 
to  give  a  final  pronouncement  on  the  efficacy  of  the  treatment. 

Vaccine  therapy  is  uncertain  in  its  results  but  sometimes  the  treatment  l^^ccme 
appears  to  be  effective.  Autogenous  vaccines  are  preferable..  Twenty- 
five  to  50  million  organisms  given  intramuscularly  is  a  safe  i.initial  dose, 
and  injections  in  increasing  amounts  can  be  repeated  at  four-day 
intervals  at  first,  but  as  a  higher  dosage  is  .reached  the  intervals  may  be 
lengthened  to  a  week  or  ten  days.  Some  prefer  to  give  injections  of 
about  10  million  organisms  on  each  of  several  successive  days.  In  the 
asthenic  and  non-responsive  type  of  case  vaccine  therapy  should  be 
employed  very  cautiously  and  stopped  early  if  no  benefit  is  apparent. 

Melitin  can  be  used  in  treatment  as  well  as  for  diagnosis.  If  no  general  Meiitm 
systemic  reaction  follows  the  diagnostic  intradermal  injection  of  broth- 
filtrate  (see  p.  374),  larger  doses  are  given  intramuscularly.  The  object 
is  to  provoke  a  febrile  reaction,  and  when  the  quantity  sufficient  for 
this  purpose  has  been  ascertained,  four  fever-producing  doses  are  given 
at  three-day  intervals.  When  the  diagnostic  intradermal  dose  causes  a 
general  reaction,  the  same  amount  is  used  for  the  initial  intramuscular 
injection,  and  the  subsequent  doses  are  increased  as  may  be  necessary 
to  produce  a  febrile  response. 

Immune  serum  if  available  is  worth  a  trial;  as  an  alternative,  500  c,c.  Serum 
of  blood  from  a  convalescent  patient,  taken  with  the  usual  precautions, 
may  be  used  for  transfusion. 

There  is  some  evidence  that  an  attack  may  be  shortened  by  inducing  Frotem  s!mc. 
protein  shock.  A  convenient  agent  for  this  purpose  is  T.A.B.  (typhoid- 
paratyphoid)  vaccine,  given  intravenously  in  doses  of  from  50  to  150 
million  organisms  at  four-day  intervals. 

Rainsford  devised  a  method  of  treatment  based  on  the  presence  in  Raimferd^s: 
the  urine  of  urobilinogen  in  pathological  amounts,  thus  indicating  toxic 
degeneration  of  the  liver  cells.  A  preliminary  test  is  carried  out  by  adding 
to  5  c.c.  of  urine  three  drops  of  a  3  per  cent  solution  of  p-dimethyl- 
amidobenzaldehyde  in  a  mixture  of  equal  volumes  of  hydrochloric 
acid  and  distilled  water.  The  production  of  a  red  colour  within  a  few 
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minutes  shows  the  presence  of  urobilinogen  in  abnormal  quantity.  In 
early  cases,  when  the  test  is  positive,  he  administered  glucose  2  to  3 
ounces  daily  in  lemonade,  and  large  doses  of  alkalis,  e.g.  potassium 
citrate  and' sodium  bicarbonate  by  mouth.  In  view  of  the  liability 
of  intensive  alkaline  treatment  to  lower  the  blood  calcium,  calcium 
gluconate  10  c.c.  of  a  20  per  cent  solution  is  given  intramuscularly  or 
intravenously  once  or  twice  weekly.  The  treatment  usually  frees  the 
urine  from  urobilinogen  in  from  two  to  three  weeks.  In  chronic  or 
resistant  cases,  an  alternative  procedure  is  to  give  once  daily  10  units 
of  insulin  followed  in  half  an  hour  by  50  grams  of  glucose  by  mouth. 
Complications  must  be  treated  on  general  lines  as  they  arise.  Salicylates 
are  useless  and  even  harmful.  Preparations  such  as  allonal  (amidopyrine 
with  a  barbiturate)  ease  the  aches  of  arthritis,  neuritis,  and  fibrositis. 
Morphine  should  be  avoided  if  possible  because  of  the  danger  of  estab¬ 
lishing  the  habit.  If  the  intolerable  pain  of  some  complication  makes 
morphine  necessary,  the  drug  should  be  called  by  some  other  name  in 
the  patient’s  hearing.  Severe  anaemia  is  sometimes  benefited  in  a  striking 
fashion  by  iron  which  may  be  given  as  freshly  prepared  Blaud’s  pills.  The 
patient  is  first  tested  by  giving  one  pill  daily,  and  it  should  preferably 
be  chewed  before  swallowing.  If  the  iron  is  well  tolerated  the  dose  is 
gradually  increased.  Even  with  a  continuing  pyrexia  this  treatment  may 
cause  a  steady  rise  in  the  percentage  of  haemoglobin.  In  cases  of  severe 
asthenia  or  resistant  anaemia,  blood  transfusion  should  be  undertaken 

without  avoidable  delay.  ^ 

A  change  of  climate,  when  this  is  possible,  is  often  effective  in  hastening 

recovery  or  shortening  the  period  of  convalescence. 
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Reference  may  also  be  made  to  the  following  titles: 


COMA  NEPHRITIS  AND  NEPHROSIS 


l.-DEFINITIONS  AND  HISTORY 

1572.]  The  word  ‘uraemia’  should  be  reserved  for  certain  physical 
disturbances  resulting  from  severe  renal  failure.  Uraemia  implies  a 
clinical  state  attended  by  symptoms,  together  with  demonstrable 
chemical  changes  in  the  blood  of  which  the  most  important  is  a  great 
increase  in  the  urea  content.  Severe  renal  failure,  however,  may  occur 
and  be  recovered  from  without  uraemia  supervening.  In  patients  with  Rseudo-^ 
nephritis  and  hypertension  severe  symptoms  may  result  from  cerebral 
circulatory  disturbance;  such  cases  have  often  been  erroneously  labelled  encepfmk- 
‘uraemia’  but  they  should  be  excluded  from  the  definition  and  described 
either  as  ‘pseudo-uraemia’  or,  following  the  nomenclature  of  Fishberg, 
‘hypertensive  encephalopathy’. 

In  1833  Richard  Bright  wrote:  ‘What  seems  in  some  way  to  account  Historical 
for  the  general  derangement  and  suffering  of  the  constitution  is  the 
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fact  that  urea  becomes  demonstrable  in  the  circulating  mass  and  the 
blood  becomes  impregnated  with  that  substance.’  But  the  word 
‘uraemia’  was  first  used  by  Piorry  (Piorry  and  I’Heritier),  and  at  the 
beginning  of  the  present  century  the  work  of  Widal  and  his  school  m 
Paris  led'^to  the  recognition  of  its  true  nature. 


2.-AETIOLOGY 

The  aetiology  of  uraemia  is  that  of  severe  renal  failure;  it  can  be  pro¬ 
moted  by  any  process  tending  to  inhibit  the  formation  or  excretion 
Inhibition  of  of  urine.  Circulatory  deficiency,  morbid  changes  in  the  kidney  including 
formation  and  inflammations,  tumours,  and  ischaemic  processes,  or  obstruction  to  the 
e^tion  of  fjoj,  tfle  renal  pelvis  downwards  may  be 

responsible  for  renal  failure  and  uraemia. 

When  uraemia  results  from  destruction  of  renal  tissue,  the  destruction 
must  have  attained  a  considerable  degree  before  uraemic  symptoms 
appear.  The  experiments  of  Rose  Bradford  (1892)  demonstrated  that 
in  animals  about  three-quarters  of  the  total  kidney  substance  rnust 
be  removed  before  uraemia  ensues.  According  to  the  above  definition, 
uraemia  implies  a  state  accompanied  by  symptoms  as  well  as  by  chemical 
change  in  the  blood;  when  such  chemical  change  is  gradual,  symptoms 
will  4  produced  much  less  readily  than  when  it  is  abrupt;  this  explains 
why  a  patient  with  long-standing  urinary  obstruction  from  an  enlarged 
prostate  will  often  not  show  symptoms  of  uraemia  in  spite  of  marked 
chemical  change  in  the  blood,  whereas  a  patient  with  relatively  little 
renal  damage  may  succumb  to  uraemia  when  the  renal  circulation  is 
impaired  as  a  result  of  operative  shock.  (For  nephritict  oxaemia  of  late 
pregnancy  see  Vol.  X,  p.  102.) 


3.-MORBID  ANATOMY  AND  BIOCHEMISTRY 

No  morbid  anatomical  change  can  be  laid  down  as  characteristic  in 
patients  dying  of  uraemia,  because  the  causes  of  renal  failure  are  so 
manifold;  the  morbid  anatomy  will  be  that  of  the  processes  responsible 
for  the  failure  of  the  kidneys  in  each  particular  case. 

Characteristic  morbid  changes  can  be  found  in  the  chemistry  of  the 
blood,  the  most  conspicuous  being  an  increase  in  the  blood  urea,  but 
the  other  nitrogenous  substances,  particularly  uric  acid  and  creatinine, 
will  also  be  increased.  Apart  from  this  nitrogen  retention,  there  is  in 
most  uraemic  patients  a  diminution  in  the  blood  calcium  together  with 
an  increase  in  the  phosphorus  content.  It  is  easy  to  demonstate  that 
this  change  in  calcium  and  phosphorus  occurs  almost  invariably  if 
blood  analysis  is  carried  out  in  any  large  series  of  cases  and,  for 
reasons  given  later  (see  p.  381),  it  may  be  responsible  for  striking 
symptoms.  The  other  change  in  the  blood  chemistry  often  present  is  a 


Nitrogen 

retention 


Biood 

mkimn  ami 
^spkorus 


s.K£y  1572]  chemical  basis  381 

diminiitioii  in  the  alkali  reser\'e;  this  is  important  in  treatment  and  is 
a  condition  wMch  may  carry  its  own  train  of  symptoms.  There  is  still 
much  to  be  learned  but  there  has  been  a  singular  agreerneiit  amons 
trained  observers  during  the  last  ten  \ears;  the  lecenrstudy  by  fiasco 
and  his  co-workers  in  the  United  kates  on  the  eifect  of  bilateral 
nephrectomy  in  dogs  amply  confirms  what  is  written  above. 


4.-RELATION  OF  CLINICAL  TO  CHE.MICAL 
PHENOMENA 

The  clinical  phenomena  of  uraemia  include  gastro-mtestinai  symptoms 
such  as  vomiting  and  diarrhoea,  drowsiness  proceeding  to  deep  coma, 
nervous  manifestations  such  as  increased  neuro-miiscular  imtability 
and  convulsions,  and  respiratory  manifestations  such  as  increased  or 
difficult  breathing.  All  these  can  be  explained  on  chemical  grounds. 
Care  must  be  taken  not  to  include  amongst  the  clinical  manifestations 
of  uraemia  phenomena  which  are  really  due  to  other  features  of  renal 
disease;  thus  oedema  is  a  result  either  of  albuminuria  or  of  cardiac 
failure  or  of  both.  Pallor  may  be  conspicuous  and  is  in  some  cases 
the  index  of  an  anaemia  which  follows  renal  failure  although  its 
mechanism  is  not  yet  apparent.  Skin  eruptions  have  been  described; 
they  are  rare  but  are  in  some  cases  uraemic  manifestations  in  so  far 
as  their  production  is  related  to  any  excessive  secretion  of  urea  in  the 
sweat. 

The  drowsiness  and  ultimate  coma  of  uraemia  run  so  closely  parallel 
with  the  increase  in  the  blood  nitrogen  that  it  is  difficult  to  escape 
the  conviction  that  they  are  the  direct  effect  of  urea  intoxication.  If  it 
is  true  that  animals  can  be  transfused  with  urea  without  developing 
symptoms,  and  if  it  is  true  that  in  uraemia  certain  compounds  of 
phenol  of  higher  anaesthetic  potency  than  urea  are  found,  it  is  never¬ 
theless  unquestionable  that  the  depression  of  the  central  nervous 
system,  which  forms  the  major  symptom  of  uraemia,  cannot  be  dis¬ 
sociated  from  the  accumulation  of  urea  in  the  blood  in  the  manner 
described  by  Bright. 

Gastro-intestinal  symptoms  probably  result  from  the  backward 
passage  of  urea  into  the  alimentary  canal  and  its  subsequent  break-down 
into  ammonia. 

Hypocalcaemia,  when  marked,  is  responsible  for  increase  in  the  tendon- 
reflexes,  twitching  of  the  muscles,  and  sometimes  tetany.  Its  presence 
facilitates  the  occurrence  of  fits.  Diminution  of  the  alkali  reserv^e 
may  produce  air  hunger  or  the  hissing  respiration  sometimes  so  con¬ 
spicuous. 

If  the  onset  of  nitrogen  retention,  hypocalcaemia,  or  alkalosis  is 
sufficiently  slow  these  conditions  may  progress  to  an  extreme  degree 
before  any  great  clinical  disturbance  is  produced. 
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Relation  of  uraemia  to  hypertension 

'  In  defining  uraemia  care  must  be  taken  to  exclude  conditions  in  which 
the  symptoms  are  due  to  cerebral  circulatory  disturbances  rather  than 
to  the  chemical  changes  which  follow  renal  failure.  Severe  hypertension, 
from  any  cause,  whether  accompanied  by  renal  failure  or  not,  may 
produce  a  train  of  cerebral  symptoms  which  can  be  confused  with 
the  manifestations  of  uraemia.  As  hypertension  is  a  very  common 
accompaniment  of  chronic  nephritis  (see  Nephritis  and  Nephrosk, 
Vol.  IX,  p.  144)  it  is  possible  for  the  cerebral  symptoms  due  to  cir¬ 
culatory’  change  to  be  confused  with  those  due  purely  to  the  renal 
disorder.  But  hypertension  accompanies  uraemia  only  in  so  far  as  it 
accompanies  those  inflammatory  and  ischaemic  conditions  which  tend 
to  produce  severe  renal  damage. 


5 -CLINICAL  PICTURE  . 

The  onset  of  uraemia  is  usually  insidious.  Even  in  cases  in  which  a 
sudden  arrest  of  the  renal  blood-supply  or  complete  obstruction  to  both 
ureters  produces  anuria,  there  is  usually  a  latent  period  of  several  days 
before  any  symptoms  are  encountered,  and  in  cases  in  which  the  renal 
insufficiency  develops  much  more  slowly,  such  as  advancing  Bright’s 
disease,  prostatic  obstruction,  or  polycystic  disease  of  the  kidneys,  the 
onset  of  symptoms  will  be  even  more  insidious. 

Certain  manifestations  of  chronic  renal  disease,  such  as  lassitude  and 
anaemia,  are  not  yet  understood;  when  these  are  present  in  a  patient 
with  renal  failure  and  obvious  disturbance  of  the  blood  chemistry,  it 
is  probably  reasonable  to  classify  them  as  uraemic  manifestations  and 
to  explain  them  as  originating  from  chemical  intoxication  of  certain 
essential  tissues  of  the  body.  But  it  is  not  yet  possible  to  speak  with 
certainty  on  this  point.  On  the  other  hand  it  is  logical  to  describe  certain 
symptoms  as  definitely  uraemic,  and  these  may  be  conveniently  grouped 
as  nervous,  gastro-intestinal,  and  respiratory. 

Nervous  symptoms 

Among  the  nervous  symptoms  are  apathy,  constant  drowsiness,  and  a 
definite  interference  with  mental  activity;  these  are  usually  the  earliest 
evident  effects.  The  patient  falls  asleep  at  work  and,  although  he  is 
easiiy  aroused  and  often  not  uncomfortable,  his  condition  resembles 
that  of  someone  who  has  not  properly  emerged  from  the  effects  of  a 
hypnotic.  Twitchings  of  the  muscles,  sometimes  fibrillary  and  sometimes 
involving  large  groups,  are  common  symptoms.  In  such  cases  the  tendon- 
reflexes  are  usually  exaggerated,  but  it  is  doubtful  if  true  uraemia  ever 
produces  an  extensor  plantar  response.  These  muscular  manifestations, 
which  at  times  may  produce  very  painful  cramps,  are  probably  results 
of  change  in  the  ionized  calcium  of  the  blood.  True  tetany  is  rare  and 
is  usually  seen  in  cases  in  which  vomiting  or  some  other  cause  of 
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alkalosis  is  promiii,eiit.  C!ian,ges  in  the  retina  are  absent  exeep:  io  cases 
which  show  circulatory  disturbance  in  addition  to  renal  irivolvemeet. 

Gastro-intesti na I  symp toms 

Gastro-intestinal  symptoms  are  present  in,  almost  every  case.  Anorexia, 
nausea,  and  vomiting  are  often  the  first  presenting  symptoms.  ^Uniiting 
usually  occurs  early  in  the  day  and  is  not  related  to  meals.  Diarrhoea 
is  less  com,mon  but  may  be  very  severe  and  is  occasionally  accompanied 
by  stools  indistinguishable  from  those  of  true  dysentery.  The  condition 
may  indeed  cause  uiceration  of  the  colon,  and  such  ulcers  have  sometimes 
perforated.  With  these  manifestations  must  be  considered  the  unpleasant 
taste  in  the  mouth  which  is  sometimes  the  first  effect  noticed  by  the 
patient;  a  high  co,nceiitration  of  urea  in  the  saliva  can  often  be  demon¬ 
strated  in  such  cases  and  the  sam,e  applies  to  the  gastric  juice  of  patients 
in  whom  vomiting  is  prominent.  Stomatitis  of  an  ulcerative  and  even 
gangrenous  character  may,  in  rare  cases,  dominate  the  clinical  picture, 
but  usually  the  .initial  dryness  of  the  mouth  proceeds  to  furring  of  the 
tongue  and  a  condition  readily  explained  as  being  due  to  a  geo,eral 
dehydration  and  to  the  gross  chemical  change  in  the  body  secretions. 

Respiratory  symptoms 

Respiratory  symptoms  are  more  rare  and  are  usually  seen  only  in  the 
late  stages  of  uraemia.  When  present  they  are  due  almost  invariably 
to  acidosis.  There  is  no  actual  air-hunger  but  the  breathing  is  of  the 
Kussmaul  type;  it  is  quiet  and  without  stertor.  Respiratory  disturbance, 
as  with  the  nervous  manifestations,  is  often  present  in  patients  with 
advanced  renal  disease  because  of  cardiovascular  change,  but  in  such 
cases  the  symptoms  are  accompaniments  of,  and  not  consequences  of, 
the  uraemia.  Similarly,  it  remains  very  doubtful  if  there  are  any  true 
cardiovascular  sequelae  of  uraemia  alone;  cardiac  hypertrophy,  cardiac 
failure,  and  all  their  consequences  are  usually  explicable  as  the  results 
of  hypertension.  A  probable  exception  is  pericarditis  which  occurs 
usually  as  a  fibrinous  process  without  much  effusion;  the  diagnosis 
is  usually  made  either  from  the  discovery  of  a  pericardial  rub  or  at 
necropsy. 


6 -COURSE  AND  PROGNOSIS 

Uraemia  is  invariably  dangerous,  but  the  prognosis  in  every^^  case 
depends  chiefly  on  the  cause  of  renal  failure.  Patients  with  prostatic 
obstruction  of  long  standing  are  ofte.n  restored  to  a  surprising  degree 
of  good  health  when  the  cause  of  obstruction  is  removed.  But  when 
some  process  such  as  progressive  ischaemic  change  or  polycystic  disease 
is  present  in  the  kidney,  the  onset  of  uraem,ia  usually  heralds  death. 

In  arriving  at  a  prognosis  it  is  therefore  essential  to  give  the  most 
careful  consideration  to  the  cause  of  the  renal  failure  and  the  course 
this  process  is  likely  to  pursue.  An  abrupt  onset  tends  to  indicate  renal 
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failure  of  recent  and  acute  origin,  but  an  insidious  course  suggests  that 

tinie  will  elapse  before  the  major  symptoms  become  promment  and 

that  renal  failure  of  slow  and  probably  progressive  character  is  present. 


7.-DIAGNOSIS 


Blood 

changes 


Method  of 
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Clinical 


The  diagnosis  of  uraemia  must  ultimately  depend  upon  the  demonstra¬ 
tion  of  chemical  change  in  the  blood.  History  of  long  standing  renal 
disease  or  of  sudden  suppression  of  urine  shortly  before  the  appearance 
of  symptoms  may  make  the  diagnosis  almost  certain  but  accepting  the 
present  definition  of  the  condition,  chemical  change  m  Ae  blood  must 
always  be  present.  This  change  will  always,  in  uncomplicated  cases  be 
of  major  degree;  unless  some  important  accessory  condition,  such  as 
circulatory  failure,  hypertension,  or  acute  infection,  is  present  at  the 
same  time  as  the  renal  failure,  symptoms  will  not  be  produced  until 
the  blood  urea  has  risen  to  200  mgm.  per  100  c.c.  of  blood. 

The  amount  of  urea  in  the  blood  is  usually  estimated  by  hydrolysing 
urea  in  a  protein-free  filtrate  of  the  blood  to  be  examined  The  urease 
present  in  powdered  soya  bean  is  employed  to  produce  hydrolysis  and 
a  modified  form  of  Kessler’s  reagent  is  used  in  the, subsequent  distilla¬ 
tion  process.  The  amount  of  urea  is  calculated  after  comparison  with  a 
standard  in  a  colorimeter.  For  exact  details  the  reader  should  refer  to 
standard  books  on  biochemistry.  For  determining  the  urea  content  of 
blood  by  the  method  outlined  above  only  0*2  c.c.  of  blood  is  required, 
but  in  the  absence  of  any  arrangement  with  a  biochemist  it  is  a  safe 

plan  to  send  5  c.c.  of  citrated  blood. 

On  chnical  grounds  alone,  e.g.  a  history  of  nephritis  or  other  cause  of 
renal  failure,  a  history  of  recent  polyuria,  and  the  presence  of  albumin¬ 
uria,  together  with  one  or  more  of  the  classical  manifestations  of 
uraemia,  it  is  often  possible  to  make  an  accurate  diagnosis;  but  unti 
this  has  been  corroborated  by  a  report  on  the  chemistry  of  the  blood 
such  a  diagnosis  must  be,  to  some  degree,  speculative.  When  the  patient 
is  already  in  coma  at  the  first  examination  the  difficulty  of  diagnosis 
may  be  considerable  as  coma  may  result  from  cerebral  vascular  change 
accompanying  nephritis.  When  there  is  any  doubt  venesection  or 
lumbar  puncture  should  be  carried  out  as  these  may  be  of  great  help 
if  coma  is  of  hypertensive  origin  although  they  are  probably  useless  in 
true  uraemia. 

8-TREATMENT 


Remow!  of 
■:^cmse. 


Diet 


Whenever  possible,  treatment  should  include  measures  calculated  to 
remove  the  cause  of  the  renal  failure.  Apart  from  this  it  must  con¬ 
sist  in  the  correction  as  far  as  is  possible  of  the  abnormal  chemical 

'  pbettomena. 

Ib.  view  of  the  nitrogen  retention,  exogenous  sources  of  urea,  such  as 
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protein  food,  mubi  be  reduced,  to  a  miniir-urr.,  and  deii}'dratio3  must 

be  avoided  by  maintaining  a  nigh  fluid  intake.  The  diet  should  include 
abundant  fluids  in  the  form  of  water  and  fruit-fuice  and  the  calorie 
value  of  the  diet  should  be  maintained  chiefly  by  readiiv  assimilated 
carbohydrate  such  as  sugar  and  starch,  A  lowered  alkali’ reserve  may  jy 
be  corrected  by  the  adminisiration  of  sodium  bicarbonate  either  bv 
mouth  or  parenterally.  Hypocalcaemia  can  be  largely  corrected  by  the 
administraiioii  of  calcuini  lactate  in  large  doses  or,  if  the  svmntoms  Ca. 
are  urgent,  by  the  intravenous  or  intramiiscular  injection  of  calcium 
gluconate.  Constipation,  it  present,  should  be  treated  preferablv  bv 
the  use  of  salts,  but  in  the  treatment  of  this  or  any  other  manifestations 
of  uraemia  it  miist  always  be  remembered  that  eliminaticn  is  difncuii  i>i! 
and,  in  consequence,  potent  substances  such  as  morphine  will  tend  to 
produce  prolonged  e,fFects  and  must  consequently  be  used  with  caution. 

The  uselessness  of  venesection,  apart  from  its  \'alue  for  the  relief  of 
hypertensive  phenomena,  has  already  been  emphasized.  Methods  for 
facilitating  the  elimination  of  urea,  such  as  purgation  and  sweaiing, 
must  not  be  lightly  condemned.  The  use  of  pilocarpine  has  been  virtualiv 
abandoned  but  sw^eating  can  in  some  cases  be  encouraged  with  symp- 
tomatic  and.  actual  benefit  to  the  patient,  tepid,  sponsiiis  and  sentle 
radiant  baths  bei,ng  the  methods  of  choice. 

Total  suppression  of  urine  is  rare  but  alw'ays  extremely  grave:  ii  can  Tji 
sometimes  be  overcome  by  the  complete  withdrawal  of  ail  fiuids  for 
eight  hours,  followed  by  the  sudden  administration  of  a  full  pint  of  ^ 
water;  when  this  fails  intravenous  injection  of  hypertonic  saline  is 
sometimes  effective,  and  in  extreme  cases  substances  such  as  cane  sugar, 
W'hich  are  themselves  inert  but  call  for  total  eliinination  by  the  renal 
system,  will  sometimes,  w^hen  given  intramuscularly,  produce  diuresis. 

The  mercurial  diuretics  are  rarely,  if  ever,  of  value  and  decapsulatio,n 
of  the  kidneys  has  not  yielded  results  justifying  its  adoption. 
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Reference  may  also  be  made  to  the  following  titles: 

ENDOSCOPY  OF  THE  UROGENITAL  ORGANS, 

URINARY  TRACT  ABNORMALITIES 

GONORRHOEA  VULVA  AND  VAGINA  DISEASES 


1  “IN  MALE 

(1) — Anomalies 

Congenital  atresia  of  the  urethra 

1573.]  Congenital  atresia  of  the  urethra  is  rare  and  is  incompatible 
with  life  unless  diagnosed  at  an  early  stage.  In  partial  atresia  a  con¬ 
genital  valve  of  the  posterior  urethra  occurs  as  a  diaphragm  of  mucous 
membrane  in  the  region  of  the  veruniontanum  and  forms  a  valve, 
which  obstructs  the  outflow  of  urine  but  not  the  passage  of  a  catheter. 
The  condition  is  generally  diagnosed  in  the  late  stages  when  the  urinary 
tract  shows  gross  evidence  of  back  pressure.  Surgical  treatment  by 
removal  of  the  obstruction  offers  a  poor  outlook;  the  patient  rarely 
reaches  adult  life. 

Hypospadias  and  epispadias 

These  are  discussed  under  the  title  Urogenital  Organs,  Abnorm¬ 
alities,  pp.  403  and  405. 
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(2) — Iii|iffies 

Rupture  ot  tne  urethra  is  caused  by  severe  blcvs  iu  the  perinsuni  or  MupiMre 
as  a  result  ot  iracture  of  the  pelvis.  la  the  absence  of  iajurvy  spoataaeous 
rupture  laay  result  from  ulceration  of  the  urethra  behind  a  stricture. 

Diagnosis  is  readily  made  by  the  passage  of  blood  from  the  urethral  Tra:imatic 
orifice  alter  a  recent  trauma:  there  is  also,  net  urxornmcmly,  an  intense 
desire  to  pass  urine.  Evidence  of  fracture  of  the  pei\is  may  or  may  not 
be  obvious.  If  the  tear  is  in  front  of  the  triangular  ligament  there  is 
usually  bruising,  varying  in  degree  from  a  localized  area  to  a  large 
haematoma  of  the  scrotum;  bat  if  behind  that  point,  there  may  r.o:  be 
any  local  signs. 

Treatment  should  be  immediate.  The  patient  should  be  persuaded  to  Treatmern 
avoid  any  attempt  to  pass  urine,  as  this  would  be  followed  by  extravasa¬ 
tion  of  the  urine  into  the  tissues  with  its  sequelae  and  coniplicaiions. 

An  attempt  should  be  made  to  pass  a  catheter  into  the  bladder,  if  this 
is  successful,  the  rupture  of  the  urethra  is  in  all  probability  onh^  partial 
and  ma}^  be  satisfactorily  treated  by  an  indwelling  catheter  for  a  short 
time;  if,  howxver,  the  attempt  is  unsuccessful,  an  extensive  or  complete 
rupture  of  the  urethra  should  be  anticipated.  In,  these  circunLStaiices  an 
immediate  operation  should  be  carried  out.,  consisting  of  a  suprapubic  ope-^'ame 
cystotomy  combined  with  an  exploration  of  the  site  of  rupture  through 
the  perineum  and  reconstruction  of  the  torn  ends  of  the  urethra  over 
an  indwelling  catheter.  In  the  p,resence  of  e,xtensive  bruising  of  the 
perineum  it  may  be  diffi,cult  to  .locate  the  proximal  end  of  the  torn 
urethra.  Its  position  can  be  defined,  as  a  riile,  by  passing  a  catheter 
through  the  internal  opening  of  the  bladder  into  the  perineum.  After 
fracture  of  the  pelvis  the  prostatic  urethra  m,ay  be  completely  severed., 
the  prostate  being  avulsed  from,  the  region  of  the  deep  layer  of  the 
triangular  ligament.  This  damage  can  as  a  rule  be  recognized  through 
the  suprapubic  wound,  after  clearing  blood-clot  collected  in  tie  space 
of  Retzius.  If  it  is  not  possible  to  suture  the  da,m,aged  ends  of  the 
urethra  through  the  wound,  the  p,roxiinal  end  of  the  tom  prostatic 
urethra  may  be  approximated  to  the  anterior  urethra  by  an  indwelling 
catheter  fixed  by  a  flange  over  the  top  of  tie  prostate,  holding  the 
ends  in  apposition,  by  continuous  traction  on  the  catheter  passing  out 
through  the  external  urinary  meatus. 

In  many  cases  rupture  of  the  urethra  is  followed  by  peri-urethral  After-mre 
fibrosis  and  the  formation  of  a  stricture.  This  can  be  avoided  by 
immediate  operation  after  the  accident,  early  removal  of  the  indwelling 
catheter  and,  in  less  successful  cases,  by  rigid  after-care  consisting  of 
regular  dilatation  of  the  urethra,  even  in  the  absence  of  obvious  stenosis 
at  the  time. 

Extravasation  of  urine  is  a  serious  complication  of  pathological  or  Extravasatim 
traumatic  rupture  in  which  there  has  been  an  attempt  to  .micturate. 

The  patients  are  usually  extremely  ill,  with  oedema  of  the  perineum, 
scrotum,  and  penis,  which  eventually  extends  into  the  lower  abdominal 
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wan  but  is  ore%-ented  by  fascial  planes  from  passing  into  the  thighs. 
In  tears  of  the  prostatic  urethra  this  extravasation  may  not  be  dis¬ 
covered  until  the  suprapubic  region  is  explored.  _ 

In  the  treatment  of  extravasation  the  following  principles  should  be 

adhered  to;  (i)  a  free  passage  of  urine  must  be  secured  by  suprapubic 
cystotomy;  (ii)  free  drainage  of  the  fascial  planes  of  the  scrotum, 
perineum, 'and  other  areas  involved  should  be  provided  by  multiple 
large  linear  incisions;  and  (iii)  repair  to  the  urethra  should  be  postponed 
until  general  health  permits,  unless  the  passage  of  a  catheter  is  possible, 
when  it  should  be  left  in  the  urethra. 

Attention  to  the  general  health  of  the  patient  is  the  most  essential 
part  of  the  treatment.  If  the  condition  of  the  patient  allows,  perineal 
baths  may  be  given  in  addition  to  the  usual  treatment  of  open  incisions. 
Unless  the  cause  of  the  extravasation  is  treated  either  at  the  time  or 
at  the  earliest  possible  opportunity,  a  urinary  fistula  is  liable  to  follow. 
(See  also  section  on  fistula,  p.  390.) 


(3) — ^Inflainmations 

Non-venereal  Non-venereal  inflammations  are  caused  by  organisms  other  than  the 
gonococcus  acquired  during  coitus.  The  organisms  are  varied,  and 
among  the  more  common  are  staphylococci,  diphtheroids,  streptococci, 
and  Bact.  coli. 

Treatment  Treatment  is  similar  to  the  local  treatment  for  gonococcal  urethritis 
(see  Vol.  VI,  p.  19).  Mercuric  oxycyanide  solution  1  in  6,000  is  a  useful 
irrigating  medium  in  place  of  the  orthodox  potassium  permanganate.  Not 
uncommonly,  however,  these  cases  are  unusually  resistant  to  treatment. 

Chemical  Chemical  urethritis  is  usually  caused  by  (i)  prolonged  local  treatment 
of  the  urethra  or  its  too  frequent  use,  or  (ii)  the  use  of  too  strong 
chemical  solutions  in  the  prophylactic  or  abortive  treatment  of  an 
early  acute  gonococcal  urethritis.  These  cases  rapidly  respond  to  the 
cessation  of  all  local  treatment  and  free  diuresis. 

In  the  absence  of  any  extrinsic  cause  for  the  urethritis,  careful  search 
should  be  made  for  a  local  cause,  of  which  foreign  bodies  and  urethral 
and  prostatic  calculi  are  the  most  common.  Rarely  urethral  discharge 
mav  be  produced  by  infection  of  the  bladder  or  upper  urinary  tract. 
Peri-  Peri-urethritis  and  peri-urethral  abscess  are  often  associated  with 

urethritis  gonorrhoea  or  stricture  of  the  urethra.  In  the  early  stages  the 

peri-urethral  condition  may  be  felt  as  an  oedematous  thickening  around  the  urethra, 
abscess  which  fluctuation  eventually  appears.  The  abscess  is  situated  either 

in  front  of  or  behind  the  scrotum,  never  behind  the  central  point  of 
the  perineum,  and  very  rarely  to  one  or  other  side  of  the  imddle  line. 
The  position  alone  is  almost  sufficient  to  make  the  diagnosis. 

Treatment  Mild  cases  of  peri-urethritis  often  respond  to  treatment  of  the  local 
cause,  e.g.  stricture,  or  conservative  treatment  by  hot  baths  and  the 
local  application  of  heat.  If  gross  suppuration  has  occurred,  drainage 
is  essential;  care  should  be  taken  to  avoid  damage  to  the  urethra, 
which  may  be  running  through  the  centre  of  the  abscess  cavity,  or  a 


fistula  will  result;  mis  ntay  also  occur  if  any  predispcsing  cause,  such 
as  stricture,  is  not  treated  a:  the  same  time. 

Spermatorrlioea  is  a  common  cause  of  anxiety  in  patients.  A  thick  SptmMtjr- 
milky  discharge  occurs  during  defaecation  or  straining,  or  cccasicnally 
at  the  end  of  micturition,  A  similar  discharge  is  often  noticed  after 
ereciion  of  the  penis.  The  history  in  these  cases  is  usually  safficieni  to 
make  the  diagnosis  which  ma\'  be  confirmed,  if  desired,  by  microscopic 
examination  of  the  secretion.  The  treatment  is  on  general  lines,  especially 
reassurance. 

(4) — Strictures 

So-called  spasmodic  strictures  are  invariably  associated  with  an  acute 
inflammatory  condition  of  the  urethra  or  accessory  organs,  such  as  the 
prostate,  seminal  vesicles,  and  the  bulbo-urethial  (Cowper's)  glands 
and  may  result  from  the  attempted  passage  of  instruments.  Except  as 
a  last  resort,  instrumentation  should  be  avoided.  Attention  should  be  Treatmem 
directed  to  the  local  condition,  e.g,  drainage  of  a  prosiatic  abscess. 

When  this  is  not  feasible,  more  generalized  treatment  by  hot  baths  or 
the  administration  of  sedatives  is  generally  sufficient. 

Traumatic  strictures  may  be  diagnosed  by  a  history  of  injury  and  Trmmatk 
their  position  in  the  membranous  urethra  or  the  bulb;  they  are  rare  in 
the  penile  urethra.  These  strictures  are  generally  long  and  of  the  so- 
called  tubular  type.  For  this  reason,  and  owing  to  the  large  mass  of 
fibrous  tissue  surrounding  the  urethra,  treatment  is  often  difficult. 

Inflammatory  strictures  are  invariably  due  to  gonococcal  infection  and  iiiflammatory 
are  often  shorter,  of  the  so-called  diaphragm  type.  Treatment  is  easier 
than  in  the  traumatic  type.  The  forms  of  treatment  are  described  below. 

Meatal  strictures  of  the  external  urma,r\^  meatus,  occasionally  associ-  Meata! 
ated  with  primary  chancres  but  more  commonly  with  chancroids,  are 
easily  diagnosed  but  respond  less  readily  to  dilatation  than  do  other 
strictures.  A  linear  meatotomy  may  be  required. 

Malignant  strictures  are  generally  at  the  external  urinary  iiieatus  but  Maiignam 
occasionally  elsewhere  in  the  urethra. 

Signs  and  symptoms 

Difficulty  in  micturition,  associated  with  the  passage  of  a  thin  stream 
of  urine,  is  the  prominent  symptom.  There  may,  however,  be  extreme 
narrowing  of  the  urethra  associated  with  retention  of  urine  before  the 
patient  comes  for  treatment.  Very  dense  fibrous  strictures  may  be 
palpable  externally  along  the  line  of  the  urethra,  but  the  diagnosis  is 
only  confirmed  by  the  passage  of  a  bougie  into  the  lumen  of  the  urethra 
to  a  point  of  obstruction,  or  by  seeing  the  stricture  through  the  urethro¬ 
scope.  When  passing  bougies  it  is  important  to  start  with  one  of  large 
calibre  and  work  down  to  the  smaller  sizes,  to  avoid  damage  to  the 
urethra  and  the  possibility  of  the  instrument  being  held  up  in  a  false 
passage.  The  hold  up  of  an  instrument  in  a  false  passage  instead  of  in 
the  lumen  of  the  stricture  is  readily  diagnosed  by  the  fact  that  it  is  not 
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urethra,  diseases 
„™ed  when  an  attempt  ia  made  to  withdraw,  a  sensation  nsually 

present  with  the  instrument  in  the  lumen  of  a  stricture. 
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lumen,  the  subsequent  bougie  passing  along  the  tost,  unimpeded,  mto 

'to  toe  morlTopiful  cases  repeated  dilatation  of  the  stricture  yields 
sood  results-  frequent  dilatations  with  small  increases  of  cahbr  , 
rather  than  excessive  stretching  at  one  sitting,  is_  the  method  of  choice 
the  latter  method  tending  to  produce  a  tear  m  the  stricture  and 
resulting  increase  in  the  already  existing  fibrosis;  the  degree  of 
and  lencfth  of  intervening  intervals  vary  and  must  be  assessed  in  each 
Sse  X  a  more  rapM  dilatation  of  the  stricture  is  desirable,  an 
indwelling  bougie  should  be  used,  around  which  the  patient  passes 
his  urine:  the  bougie  being  replaced  daily  by  one  of  greater  calibre. 

..  to  whirtthTstofctoro  is  so  hard  that  dilatation  by  one  of  the 

'  above  methods  is  not  possible,  or  to  the 

immediately  after  dilatation,  treatment  may  be  effected  by  an  interna 

urethrotomy,  followed  by  dilatation.  ^  -r  • 

Sciion  of  a  stricture  is  the  ideal  form  of  treatment  since,  if  union 
by  first  intention  can  be  secured,  after-dilatation  is  J 

reope  of  the  operation,  however,  is  limited,  as  it  is  only  applicable  to 
the  short  diaphragm  type  of  stricture  in  the 

urethra.  Longer  strictures  in  this  region,  or  even  the  diaphragm  type 
in  the  penile  urethra,  when  treated  by  excision  are  liable  to  be  followed 
by  a  downward  chordee  during  erection.  ...  .•  ^ 

m  Impassable  strictures  vary  in  their  incidence  with  the  patience  and 
skill  of  the  operator.  In  such  cases,  however,  treatment  must  be 
an  open  operation  or  external  urethrotomy,  followed  by  subsequen 
after-dilatation. 

^^Sd^fetulae  are  found  along  the  ventral  aspect  of  the  urethra 
and  anterior  portion  of  the  perineum  but  may  occur  in  ®ore  remote 
situations.  The  diagnosis  is  obvious,  but  it  is  essential  to  differentia  e 
the  fistulae  with  their  internal  orifice  above  the  vesical  sphincter,  i 
which  urine  leaks  continually  and  not  only  during  mictuntion,  as  in 
the  more  favourable  cases  with  their  internal  orifices  more  distal. 
The  common  causes  of  persistent  fistula  are;  (i)  obstruction  distal  to 
the  internal  opening  of  the  fistula,  e.g.  stricture;  (ii)  epithelialization 
of  the  fistulous  track;  (iii)  rigidity  of  the  walls  of  the  track;  and  (iv) 


)iiiiiiii'B.ica.tioE  of  fistulous  tracks  with  ca'vities  contamiiig  mdolent 
•anulation-tissue. 

The  treatment  is  on  general  surgical  lines  directed  totvards  one  oi  Tieatment 
le  above  causes. 


5) — Calciili 

True  urethral  calculi  are  generally  composed  o:  pnospnat 
1  a  small  sacculus  connected  with  the  uretnra,  maa 


d  occur  are  tbs  I 

reiti  0 » wti 


[irougii  a  'urethroscope  extremely  diificiu:;  operation  tnrocgn  a  perinea: 
pproach  is  generally  necessary. 

Migrating  stones,  composed  of  uric  acid,  caiciuni  oxmate.  c-r 
ubstances,  and  coming  from  a  higher  level  in  tne  urinar} 
jecome  impacted  in  the  urethra,  usually  in  the  tcssa  naticu.arib,  1,0,.,^ 
vhich  they  are  readily  remo\ed  by  dilatation  of  the  meatus  or,  k 
lecessary,  meatotomy.  They  may  become  impaoiec  in  tne 
irethra,  the  symptoms  being  those  of  acute  retention  01  urine.  In  Jus 
position  they  may  be  pushed  back  into  the  bladder  or  be  rerncr;ed 
ihrough  a  posterior  urethroscope.  Open  operation  may  be  required. 


fT 


[7) — ^Tumours 

Papillomas  are  occasionally  seen  in  the  posterior  are±ra._  often  Fap’Ihmas 
associated  with  a  previous  attack  of  posterior  U-etiirkis.  Sii.dit— , 
although  rarer,  cases  not  associated  with  a  previous  infiammation 
but  sometimes  accompanying  bladder  papillomas  also  occur.  Haemat- 
uria  suggests  the  diagnosis.  They  are  recognized  by  urethroscopy. 

Both  tyks  are  readily  treated  by  diathermy.  Massive  carcinoma  ot  tie  Treatment 

urethra  is  rare. 


(g)_XJretliral  Shock  or  Fever 

Urethral  shock  or  fever  occurs  in  a  small  percentage  of  cases  after 
an  instrument  has  been  passed  along  the  urethra.  Immediately  after 
the  passage  of  the  instrument  the  patient  may  show  a  subnormal 
temperature,  rapid  pulse,  pallor  and  vomiting,  and  rarely  death  has 
resulted-  at  a  later  stage  there  are  malaise,  raised  temperature,  or  even 
rigors.  The  condition  is  best  avoided  by  extreme  gentleness  of  technique,  Treatment 
and  the  patient  should  go  to  bed  and  take  plenty  of  hot  dnnks  as  soon 
after  the  instrumentation  as  is  conveniently  possible. 


2 -IN  FEMALE 

1574.1  Morbid  conditions  of  the  female  urethra  are  less  common  than 
those  of  the  male,  stricture,  peri-urethral  abscess,  and  such  conditions  _ 
being  extremely  rare.  In  view  of  its  position,  the  female  urethra  is  very  Injury 
rarely  injured,  except  during  labour.  In  these  cases,  however,  the  vesical 
sphincter  frequently  remains  intact,  the  brunt  of  the  injury  fa^ng  on 
the  urethra  in  the  region  of  the  triangular  ligament;  a  form  of  mcon- 
tinence  known  as  ‘stress  incontinence’  (i.e.  during  coughing  or  sneezing) 
not  uncommonly  results.  This  is  due  to  the  tact  that  the  vesical 
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sphincter  in  the  female  is  anatomical  in  its  position  rather  than  physio¬ 
logical  in  its  action. 

Prolapse  of  the  urethra  is  rare  in  males  but  relatively  common  in 
females.  It  often  follows  an  attack  of  cystitis  but  occasionally  occurs 
in  young  girls,  in  whom  there  is  no  history  of  previous  urinary  infection. 

Acute  urethral  pain  and  dysuria  readily  draw  attention  to  the  condi¬ 
tion.  On  examination,  the  prolapsed  ring  of  mucous  membrane  will 
be  seen  surrounding  the  urethral  orifice,  grossly  oedematous  and,  in 
the  later  stages,  even  gangrenous. 

Replacement  is  seldom  possible,  the  condition  being  most  readily 
treated  by  excision  of  the  cuff  of  prolapsed  mucous  membrane  with 
end-to-end  suture  of  the  raw  edges.  The  results  of  this  operation  are 
excellent. 

Urethrocele  is  a  rare  congenital  condition,  most  commonly  acquired 
as  a  result  of  injury  to  the  urethra  during  intra-urethral  manipulation 
or  forceps  delivery  in  the  female.  The  prominent  symptoms  are  referred 
to  the  urethra  as  pain  during,  or  dribbling  after,  the  act  of  micturition, 
especially  if  complications  such  as  infection  or  calculus  formation  have 
occurred.  The  condition  is  diagnosed  as  a  swelling,  often  tender,  along 
the  ventral  aspect  of  the  urethra,  from  which  urine  may  be  expressed. 
In  the  acquired  type  the  differential  diagnosis  from  a  peri-urethral 
cavity  lined  by  granulation-tissue  may  only  be  possible  at  operation. 
Treatment,  in  those  cases  causing  symptoms,  is  directed  in  the  first 
place  towards  the  superadded  inflammation,  if  this  has  occurred,  but  an 
effective  cure  may  be  only  brought  about  by  excision  of  the  urethrocele. 
For  caruncle  see  Vulva  and  Vagina  Diseases,  p.  611. 
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URETHROSCOPY 

See  Endoscopy  of  the  Urinary  Tract,  Vol.  V,  p.  21 
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(1) — Pigments 


1-COLOUR 


1575.]  The  colour  of  Bormal  urine  may  vary  from  a  pale  straw  to  a 
dark  brown  but  it  is  usually  amber.  It  depends  on  the  presence  of  the 


piaments  urochrome  and  uroerythrin,  and  as  a  rule  these  pigments 
give  their  characteristic  colour  to  crystals  precipitated  from  the  urine 
such  as  urates,  uric  acid,  and  phosphates. 

In  morbid  conditions  various  other  pigments,  such  as  urobilin  and 
bilirubin,  may  be  present  in  the  urine,  giving  it  a  dark  brown  to  green 


colour;  free  haemoglobin  gives  a  reddish-black  colour,  haematopor- 
phyrin  a  burgundy-red  tint,  and  red  cells  a  smoky  appearance. 

In  melanomas  and  very  rarely  in  intestinal  obstruction  urine  may 
contain  a  colourless  substance  known  as  melanogen.  A  urine  containing 
this  substance  is  usually  normal  in  colour  when  voided  but  assumes  a 
dark  brown  or  black  colour  when  exposed  to  air  by  conversion  of 
melanogen  to  melanin.  This  reaction  may  be  hastened  by  the  addition 
of  some  oxidizing  agent,  such  as  bromine  water,  potassium  bichromate, 
or  nitric  acid.  The  development  on  standing  of  a  black  pigment  in 
urine  has  also  been  described  by  Hale  White  and  Janmahomed  in 


their  study  of  urines  in  cases  of  pulmonary  tuberculosis.  The  nature 
of  this  pigment  they  were  unable  to  determine. 


(2)— Drugs 

Urine  may  be  coloured  by  various  drugs,  such  as  aniline  dyes,  taken 
by  mouth.  A  yellow  colour  may  be  due  to  rhubarb,  senna,  or  santonin; 
a  blue  colour  to  ingestion  of  methylene  blue;  and  a  brownish-green 
colour  to  phenol  or  its  derivatives.  A  reddish  alkaline  urine  which 
becomes  colourless  on  addition  of  acid  probably  results  from  the 
ingestion  of  phenolphthalein.  Sulphonamide  compounds  have  a  tend¬ 
ency  to  cause  the  urine  to  assume  a  reddish  colour. 


2 -QUANTITY 

The  volume  output  of  urine  depends  on  two  factors,  namely,  the 
amount  of  fluid  supplied  to  the  body  and  the  amount  lost  through 
Fluid  intake  extra-renal  channels.  The  organism  receives  fluid  from  three  sources: 

(i)  ingested  fluid;  (ii)  ingested  solids:  the  water  content  of  many  solid 
foods  is  very  high,  thus  tomatoes  contain  more  water  than  milk  weight 
for  weight;  and  (iii)  metabolic  water,  or  that  which  arises  from  com¬ 
bustion:  the  combustion  of  100  grams  of  starch,  glucose,  and  fat  gives 
rise  to  55-5  grams,  60  grams,  and  110  grams  of  water  respectively.  The 
Fluid  output  kidneys  normally  excrete  more  than  half  the  fluid  eliminated,  the 
remainder  being  eliminated  by  expiration,  sweat,  and  faeces. 

Comparimn  Normally  the  total  fluid  obtained  from  solid  foods  and  combustion 
ofmiakemtd  equal  to  the  fluid  lost  through  extra-renal  channels,  and  this  equals 
mtput  about  700  grams.  Therefore  the  volume  of  fluid  ingested  as  liquid  is 
normally  equal  to  the  volume  of  urine  passed,  and  this  averages  above 


DUU  cx.  in  iwciiiy-iuur  iiuur5>.  uiiuci  kiuikiinL  vuiiuiuui;s>  it  an 

rror  of  5  per  cent  to  consider  the  fluid  ingested  as  the  fluid  intake  and 
he  total  fluid  output  as  the  urine  output:  but  in  abrxormai  conditions, 
uch  as  excessive  perspiration,  diarrhoea,  vomiting,  or  profuse  purulent 
iischarge,  this  relation  does  not  hold  good. 

Normally  the  urine  output  is  1500  cx.  in  twenty-four  hours  or  roughly 
[  c.c.  per  minute.  Polyuria  is  said  to  be  present  if  the  urine  passed  hu^eased 
ixceeds  2500  cx.  in  twenty-four  hours.  It  occurs  in  the  following  diseases: 
iiabetes  mellitus,  diabetes  insipidus,  chronic  interstitial  nephritis,  the 
recovery  period  of  nephritis  or  heart  failure  with  oedema,  and  neurosis. 

Oliguria  is  present  in  fever,  nephritis  of  the  acute  type  or  with  oedema,  DyrJjr.shed 
cardiac  failure,  diarrhoea,  and  persistent  vomiting. 

3 -SPECIFIC  GRAVITY 

The  specific  gravity  of  the  urine  depends  on  the  presence  or  absence 
of  dissolved  constituents.  Thus  to  raise  the  specific  gravity  by  0-00!  at 
15®  C.  the  following  quantities  of  various  substances  would  have  to 
be  added  to  100  c.c.  of  urine:  urea,  0x6  gram;  glucose,  0-27  gram: 
sodium  phosphate,  0*38  gram;  disodium  phosphate,  0-10  gram; 
sodium  chloride,  0T5  gram;  sodium  sulphate,  0T4  gram,  and 
albumin,  0-39  gram.  So  massive  an  albuminuria  as  1  per  cent  would 
only  raise  the  specific  gravity  by  0*003.  Normally  the  specific  gravity 
lies  between  1*015  and  1*025  at  15®  C.  It  is  necessary  to  make  a  tempera¬ 
ture  correction  in  the  following  way:  for  every  3  degrees  above  15"^  C. 
add  0*001,  and  for  every  3  degrees  below^  15~  C.  subtract  0*001.  The 
specific  gravity  is  very  much  raised  in  the  highly  concentrated  urines 
of  fever  and  acute  intestinal  obstruction  and  in  diabetes  mellitus.  In 
diabetes  insipidus  and  in  severe  renal  impairment  the  specific  gravity  gravity 
is  very  low. 


4.-REACTION 

The  urine  of  a  healthy  person  may  be  acid,  neutral,  or  alkaline  through- 

out  the  day,  depending  upon  factors  such  as  the  nature  of  the  food 

and  the  time  of  its  ingestion.  The  reaction  is  determined  by  employing  reaction 

red  and  blue  litmus  paper:  an  acid  urine  turns  blue  litmus  red,  and  an 

alkaline  urine  the  reverse.  These  changes  are  clearly  seen  when  the 

pH  of  the  urine  is  definitely  acid  (54  or  lower)  and  when  it  is  definitely 

alkaline  (7-8  or  higher).  Generally  the  urine  of  carnivorous  animals  is 

acid  and  that  of  herbivorous  animals  alkaline,  but  either  tir'pe  may 

alter  the  acidity  of  its  urine  by  changing  its  diet.  In  a  normal  healthy  Add  mine 

individual  the  urine  is  acid  after  fasting,  after  digestion  of  protein  as 

a  result  of  production  of  sulphuric  and  phosphoric  acids,  and  after 

the  ingestion  of  ammonium  chloride.  The  urine  may  become  alkaline  Alkaline 

after  any  meal  to  counteract  the  loss  of  free  acid  into  the  stomach, 

and  after  the  ingestion  of  alkalis  such  as  sodium  bicarbonate.  There  is 

no  significant  or  characteristic  change  in  the  reaction  of  the  urine  in . 
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disease.  Tlie  deposit  whicli  forms  in  an  acid  urine  is  chiefly  composed 
of  urates  and  uric  acid:  that  in  an  alkaline  urine,  of  phosphates. 


Altumin  S.-Ammm  AND  BLOOD 

(See  Vol.  I,  p.  273.) 

In  testing  for  albumin,  or  more  correctly  protein,  the  occurrence  of  the 
Bence  Jones  proteose  must  be  remembered.  This  proteose  is  precipitated 
by  heat  at  50®  to  60®  C.,  whereas  albumin  precipitates  at  over  90®  C., 
but  the  Bence  Jones  proteose  redissolves  at  the  boiling  point  of  water 
and  comes  down  again  in  the  cold.  It  is  found  in  80  per  cent  of  patients 
with  multiple  myeloma,  and  also  occasionally  in  cMoroma,  tuberculous 
arthritis,  leukaemia,  and  multiple  bone  metastases  from  carcinoma. 

Blood,  including  haematuria  and  haemoglobinuria 
For  classification  and  clinical  aspects  of  haematuria  see  Voi.  VI,  p.  97. 
Apart  from  the  detection  of  red  blood-cells  microscopically,  the 
most  satisfactory  chemical  test  for  haematuria  and  haemoglobinuria  is 
carried  out  in  the  following  way: 

To  1  c.c.  of  urine  is  added  0-5  c.c.  of  glacial  acetic  acid  and  the  mixture 
boiled  and  cooled.  If  blood  is  present,  haematin  acetate  is  formed;  1  c.c.  of 
ether  is  now  added  and  the  mixture  inverted  several  times.  The  ethereal  layer 
is  allowed  to  separate;  this  may  be  assisted  by  the  addition  of  a  few  drops 
of  water  to  the  test-tube  without  shaking.  The  ethereal  layer  is  pipetted  to 
another  test-tube  containing  a  mixture  of  a  few  drops  of  tincture  of  guaiacum 
and  1  c.c.  of  ozonic  ether.  A  blue  colour  develops  in  the  presence  of  blood. 

This  test  is  specific  for  blood  and  excludes  such  substances  as  iodides, 
pus,  and  other  compounds  which  give  a  blue  colour  when  added  to 
tincture  of  guaiacum  and  ozonic  ether. 


6~CASTS 

The  origin  of  casts  is  not  known  with  certainty.  They  are  probably 
derived  from  protein  in  the  urine,  the  coagulation  occurring  in  the 
tubules  as  a  result  of  some  vascular  lesion  in  their  walls.  Granular, 
epithelial,  fatty,  and  lipoid  casts  contain  remnants  of  tubular  epithelium 
in  various  stages  of  degeneration.  The  following  types  of  casts  are 
recognized:  (i)  hyaline:  pale,  transparent,  and  homogeneous;  (ii) 
granular:  packed  with  renal  epithelial  cells;  (iii)  epithelial:  containing 
cells  from  renal  tubules  and  the  precursors  of  the  granular  casts;  (iv) 
fatty:  epithelial  casts  with  fat  droplets,  found  in  severe  degeneration 
of  the  renal  epithelium;  and  (v)  waxy:  similar  in  appearance  to  hyaline 
casts  but  longer  and  broader;  these  probably  arise  from  hyaline  casts 
by  condensation  as  a  result  of  long  stay  in  the  tubules.  They  are  found 
not  only  in  amyloid  disease  but  also  in  severe  degenerative  lesions. 

Much  confusion  has  arisen  over  the  identification  and  significance  of 
amyloid  casts.  In  amyloid  nephrosis  as  a  rule  the  tubules  contain  casts 
in  great  numbers,  and  these  casts  do  not  give  the  staining  reactions  of 
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amyloid.  Casts  have,  however,  been  detected  in  amyloid  nephrosis 
which  do  give  the  amyloid  staining  reaction,  and  it  is  probable  that  this 
is  explained  by  the  fusion  of  the  basement  membrane  of  the  tubuie 
with  the  epithelial  cells,  the  whole  mass  then  beins  cast  off. 

The  significance  of  casts  has  long  given  rise  to  controversy.  A  few  Slpiificam. 
hyaline  casts  have  probably  no  significance  and  are  often  found  in 
benign  albuminuria.  Granular,  epithelial,  fatty,  and  waxy  casts,  how- 
ever,  all  point  to  chronic  degeneration. 

7.-CHEMICAL  CONSTITUENTS 

(1)  — Oxalates 

(See  OxALURiA,  Vol.  IX,  p.  343.) 

(2)  — Chlorides 

Chlorides  are  excreted  in  the  urine  chiefly  in  combination  with  sodium 
but  also  in  small  amounts  with  potassium,  ammonium,  and  magnesium. 

The  daily  output  is  about  15  grams  of  chloride  expressed  as  sodium  Normal 
chloride,  so  that  the  concentration  in  the  urine  is  roughly  OT  gram 
per  100  c.c.  Chlorides  are  introduced  into  the  body  chiefly  in  food 
and  as  sodium  chloride.  The  output  of  chlorides  is  diminished  in  Diminished 
pneumonia  at  the  crisis  and  for  the  two  succeeding  days;  also  in  febrile 
conditions,  nephritis — particularly  when  oedema  is  present,  typhus  and 
rheumatic  fevers,  and  in  malnutrition  when  the  intake  by  the  mouth 
is  low.  Increased  output  of  chlorides  during  the  rapid  absorption  of  Increased 
exudates  from  the  body  has  been  described. 

Chlorides  can  easily  be  detected  by  the  addition  of  nitric  acid  and  Detection 
silver  nitrate  to  the  urine.  Normally  a  heavy  wEite  precipitate  appears, 
but  in  conditions  associated  with  a  diminished  output  a  mere  turbidity 
is  present. 

(3)  — Sulphates 

Sulphates  are  excreted  as  inorganic  sulphates  chiefly  combined  with 
sodium  and  potassium  and  as  ethereal  sulphates  in  combination  with 
phenol  and  indol.  The  synthesis  of  these  ethereal  sulphates  has  been 
described  in  the  article  lNDiCA>rtjRi.A.  (see  Vol.  VII,  p.  1  i  1).  The  normal 
daily  output  of  sulphur  is  about  1  gram.  The  output  is  increased  in  Increased 
acute  toxic  hepatitis,  in  fevers  such  as  smallpox,  typhus,  and  pneu- 
monia,  and  in  diabetes.  The  output  is  diminished  in  nephritis  and  Diminished 
amyloid  disease.  output 

Sulphates  may  be  tested  for  by  adding  to  the  urine  first  acetic  acid  to  Detection 
avoid  precipitation  of  phosphate  and  then  a  solution  of  barium  chloride. 

A  white  precipitate  indicates  the  presence  of  sulphates. 

(4)  — ^Urea 

Urea  represents  the  ultimate  product  of  protein  metabolism.  It  is 
formed  almost  exclusively  in  the  liver  but  a  small  amount  appears  to 
be  formed  elsewhere  in  the  body.  A  normal  adult  on  an  ordinary  diet 
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coBtainiiig  about  80  grams  of  protein  a  day  excretes  about  30  grams 
of  urea  in  the  urine  in  twenty-four  hours.  On  a  normal  volume  output 
of  1500  c.c.  this  would  make  the  concentration  of  urea  in  the  urine 
about  2  grams  per  100  c.c.  Conditions  such  as  a  large  intake  of  nitro¬ 
genous  food,  excessive  break-down  of  protein  tissues  through  exercise, 
acute  fevers,  and  diabetes  mellitus  promote  a  loss  of  urinary  urea 
greater  than  normal.  The  output  of  urea  is  diminished  by  a  low  protein 
intake,  nephritis,  and  acute  necrosis  of  the  liver. 

(5) — Uric  Acid 

The  excretion  of  uric  acid  is  less  than  1  gram  daily,  or  only  5  per  cent 
of  the  total  nitrogen  in  urine,  but  in  birds  and  reptiles  uric  acid  is  the 
chief  nitrogenous  constituent.  The  uric  acid  excreted  is  derived  from 
two  sources,  exogenous  and  endogenous,  in  about  equal  amounts. 
After  a  large  intake  of  uric  acid  by  mouth  only  a  small  amount  of  it  is 
excreted  in  the  urine,  and  it  seems  probable  that  uric  acid  is  destroyed 
in  the  body.  The  output  of  uric  acid  is  increased  in  pneumonia,  leuk¬ 
aemia,  in  any  condition  associated  with  marked  ieucocytosis,  and  in 
pernicious  anaemia.  In  gout  it  is  believed  that  for  a  few  days  before 
the  attack  the  excretion  of  uric  acid  falls  and  after  the  attack  the  output 
is  increased. 

Uric  acid  may  be  precipitated  from  the  urine  in  the  form  of  so-called 
‘cayenne  pepper’  crystals  which  have  a  characteristic  appearance 
microscopically.  A  chemical  test  known  as  the  murexide  test  can  also 
be  employed  in  its  detection;  this  consists  of  adding  a  drop  of  nitric 
acid  to  the  crystals  and  evaporating  to  dryness  on  a  water-bath.  A 
reddish  spot  appears  and  becomes  deeper  in  colour  on  addition  of 
solution  of  ammonia. 

(6) — Bile 

The  simplest  test  for  bile  salts  and  by  far  the  easiest  for  clinical 
purposes  is  Hay’s  test,  which  consists  in  sprinkling  dry  flowers  of 
sulphur  on  the  surface  of  the  fresh  cool  urine  in  a  glass  beaker,  employ¬ 
ing  a  normal  urine  as  a  control.  If  bile  acids  are  present  the  flowers  of 
sulphur  sinks  through  the  urine  owing  to  its  lowered  surface  tension. 
Several  tests  for  bile  pigment  have  been  described.  The  froth  test  is  a 
very  simple  test  consisting  of  shaking  urine  vigorously  and  comparing 
the  froth  produced  with  that  from  a  normal  urine.  In  the  presence 
of  bile  pigment  a  greenish  tint  will  be  imparted  to  the  froth,  easily 
discernible  by  comparison  with  the  control. 

The  iodine  test  consists  of  carefully  adding  a  few  drops  of  1  per  cent 
alcoholic  solution  of  iodine  to  about  1  c.c.  of  urine  in  a  test-tube.  A 
green  ring  forms  and  after  shaking  the  urine  becomes  green. 

GmeHn’s  nitric  acid  test  consists  in  adding  the  urine  to  concentrated 
nitric  acid  without  shaking  in  order  to  produce  a  junction  between 
the  two  Iquids.  At  the  point  of  contact  of  urine  and  nitric  acid  a  play 
of  colours  will  appear. 
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(7)  — ^Ketoae  Boiies 

The  icetone  bodies  foiio,d  in  urine  are  three  in  n'omber,  namely,  aceto- 
acetic  acid,  d-hydroxybutyxic  acid,  and  acetone. 

The  addition  of  ferric  chloride  to  a  urine  containing  aceto-acetic  acid  Aceto-^acem 
produces  a  Bordeaux  red  colour.  This  colour  reaction  may  be  imitated 
by  the  urine  of  subjects  who  have  ingested  salicylates  or  aspirin.  The 
test  should  therefore  be  repeated  after  a  sample  of  urine  has  been 
boiled  vigorously  for  five  minutes.  By  this  process  the  volatile  aceto- 
acetic  acid  is  driven  off  and  a  subsequent  test  should  be  negative. 

A  more  sensitive  test  consists  in  saturating  the  urine  with  ammonium  Mmkem's 
sulphate,  and  the  addition  of  a  weak  solution  of  sodium  nitroprusside 
followed  by  strong  solution  of  ammonia.  In  the  presence  of  aceto- 
acetic  acid  a  permanganate  colour  develops.  This  is  known  as  Rotherae 
test. 

Rothera’s  test,  but  not  the  ferric  chloride  test,  is  positive  in  the  Aceme 
presence  of  acetone. 

(8)  — Alcohol  and  Sugar 

The  alcohol  is  separated  from  the  urine  by  distillation.  A  distillate  DetectioM  of 
equal  to  one-fifth  of  the  volume  of  the  urine  is  collected.  Portions  of 
the  distillate  are  tested  as  follows,  (i)  For  Lieben’s  iodoform  test  5  xiVlie/iw 
drops  of  10  per  cent  potassium,  hydro,xide  solution  are  added  to  a  few  iodofimi  test 
c.c.  of  solution  and  the  mixture  is  heated  in  warm  water  for  5  minutes; 

5  per  cent  iodine  dissolved  in  10  per  cent  potassium,  iodide  solution 
is  added  drop  by  drop  until  a  permanent  brown  colour  is  obtained. 

This  colour  is  discharged  by  the  cautious  addition  of  more  10  per  cent 
potassium  hydroxide  solution.  A  characteristic  smell  of  iodoform  is 
given  by  alcohol,  aldehyde,  or  acetone,  (ii)  Two  grams  of  anhydrous 
sodium  acetate  are  added  to  about  2  c.c.  of  distillate.  An  equal  volume 
of  strong  sulphuric  acid  is  added  and  the  mixture  w'armed.  The 
characteristic  fruity  odour  of  ethyl  acetate  denotes  the  presence  of 
alcohol.'  (iii)  To  another  portion  of  the  distillate  th,ree  volumes  of 
concentrated  nitric  acid  conta,ming  0*5  per  cent  potassium  dichromate 
is  added,  A  blue-violet  colour  appea,ring  in  a  few  minutes  in  the  cold 
is  due  to  a,lcohol  or  aldehyde  but  is  not  given  by  acetone,  (iv)  To  5  c.c, 
of  distillate  1  c.c.  of  2  per  cent  potassium  dichromate  an'd  5  c.c.  of 
concentrated  sulphuric  acid  are  added  and  the  solution  is  boiled  for 
one  minute.  In  the  presence  of  a  reducing  substance  a  greenish  tinge  , 
or  a  pure  green  colour  is  produced. 

Tests  for  sugar  in  the  urine  are  described  in  the  article  Glycosuria,  Sugar 
VoLV,p.  593. 


8 -TESTS  OF  RENAL  FUNCTION 

The  biochemical  tests  of  renal  function  may  be  classified  as  (i)  examina¬ 
tion  of  the  urine;  (ii)  examination  of  the  blood;  (iii)  the  ability  of  the 
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kidneys  to  concentrate  and  dilute  urine;  (iv)  the  effectiveness  of  the 
kidneys  in  eliminating  introduced  substances;  and  (v)  simultaneous 
studies  of  blood  .and  urine. 

Examination  of  urine  comprises  a  study  of  the  volume  output  in 
twenty-four  hours,  the  specific  gravity,  the  centrifugalized  deposit,  and 
the  detection  of  protein  and  blood.  These  examinations  have  already 
been  described  in  the  earlier  part  of  this  paper. 

Examination  of  the  blood  consists  of  measuring  the  concentration 
of  various  constituents,  such  as  urea,  creatinine,  uric  acid,  non-protein 
nitrogen,  the  plasma  proteins,  and  alkali  reserve. 

The  third  group  of  tests  is  carried  out  by  finding  if,  after  a  twelve  hours’ 
fast  and  twenty-four  hours’  dry  diet,  the  urine  can  be  concentrated  to  a 
specific  gravity  of  1-030.  Normally  this  should  be  possible.  The  dilution 
test  depends  upon  the  ability  of  normal  kidneys  to  excrete  a  large  volume 
of  water  three  hours  after  its  ingestion. 

The  fourth  group  depends  on  excretion  by  the  kidneys  of  foreign 
substances,  such  as  methylene  blue,  fuchsin,  indigo  carmine,  and 
phenolsulphonephthalein.  Normally,  40  to  60  per  cent  should  be 
excreted  in  the  first  hour  and  20  to  25  per  cent  in  the  second  hour. 

The  simultaneous  studies  of  blood  and  urine — blood  clearance 
examinations— are  probably  the  most  accurate,  and  recently  tests 
based  on  this  type  of  investigation  have  been  popularized  by  van  Slyke 
and  his  collaborators  who  have  devised  a  simple  formula  for  renal 
function  provided  the  volume  of  urine  passed  exceeds  2  c.c.  per  minute. 
The  formula  is: 

mgm.  of  urea  in  urine  ^  Jq  g  g_  gf  urine  per  minute, 

mgm.  of  urea  in  blood 

In  normal  people  the  figure  is  about  75  and  to  express  any  result  iu 
terms  of  normal  (called  100  per  cent)  it  is  multiplied  by  100/75.  These 
observers  found  that  a  renal  function  of  under  40  per  cent  of  normal 
four  months  after  an  acute  attack  of  nephritis  indicates  a  bad  prognosis. 
Uraemia  develops  if  the  renal  function  falls  below  10  per  cent. 

For  alterations  made  in  the  urine  by  malingerers  see  ’Vol.  VIII,  p.  360. 
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UROGENITAL  ORGANS 

1 -KIDNEYS,  URETERS,  AND  BLADDER 


(1) — Ectopia  Vesicae 

(S'>7!07iv«.— Exstrophy  of  the  bladder) 

See  Bladder  Diseases,  Vol.  II,  p.  398. 

(2)  — Diverticulum 

See  Bladder  Diseases,  Vol.  II,  p.  400. 


Embryology 
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(3)— Persistent  Patent  Urachus  and  Cysts  of  the  Urachus 

1576 1  The  bladder  is  developed  from  a  portion  of  the  primitive  yolk 
sac, 'the  cloaca.  The  allantois,  a  tube-like  outgrowth  from  the  same 
sac  extends  from  the  cloaca  out  into  the  primitive  umbilical  stalk. 
Normally  this  outgrowth  undergoes  retrogressive  changes  and,  a 
birth  is  represented  by  a  hand  of  connective  tissue  leadmg  rom  e 
apex’of  the  bladder  to  the  umbiUcus.  This  band  is  called  the  urachus. 
By  failure  of  obliteration  of  the  lumen  of  the  allantois,  the  urachus 
may  remain  patent  in  whole  or  in  part. 

Patent  urachus  ,  ,  i 

If  after  birth  the  lumen  of  the  urachus  is  complete  from  the  bladder 
to  the  umbilical  cord,  urine  will  escape  from  the  umbilicus.  There  may 
he  only  a  few  drops  at  each  micturition  or  almost  the  whole  of  the 
urine  in  the  bladder  may  be  voided  in  this  way.  If  the  lumen  is  open 
at  the  umbilical  end  but  closed  at  the  bladder  end  there  may  be  a 
constant  discharge  of  mucus  at  the  umbilicus  and  the  tract  is  very 
Uable  to  become  infected.  If  the  lumen  is  open  only  at  the  bladder 
end  there  will  probably  be  no  symptoms,  unless  at  any  time  there  is 
obstruction  to  the  outflow  of  urine  from  the  bladder,  in  which  event  a 
diverticulum  from  the  bladder  may  develop.  If  the  lumen  is  shut  at 
both  ends  but  remains  patent  in  any  other  part  a  urachal  cyst  may 

form. 


Clmical 

picture 


Bijjerentia! 

diagnosis 


Urachal  cyst 

A  simple  urachal  cyst  gives  rise  to  a  tense  swelling,  dull  to  percussion, 
lyin<^  in  the  middle  hne  between  the  symphysis  pubis  and  the  umbilicus. 
It  may  not  appear  until  early  adult  Ufe  and  then  the  patient  may  notice 
the  swelling  or  complain  of  pain  in  that  region.  Alternatively  the 
swelhng  may  be  found  in  the  course  of  a  routine  examination. 

The  cyst  may  be  mistaken  for  a  distended  bladder  or  an  ovarian  cyst, 
a  catheter  should  always  be  passed  to  exclude  the  former.  These  cysts 
are  very  liable  to  become  infected,  and  then  may  cause  confusion  in 
diagnosis.  The  localized  pain,  tenderness,  and  oedema  of  surrounding 
tissues  will  suggest  a  localized  abscess  due  to  other  causes,^  such  as 
appendicitis,  diverticulitis,  or  tuberculous  peritonitis.  A  positive  dia- 
gnosis  will  often  be  made  only  at  operation. 

The  treatment  of  patent  urachus  and  urachal  cysts  is  surgical-  In 
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urethra 


™cc=r..f.M.ed  cases  exc;sior.  of  she  .sacs  os  cyss  is  safe  and  givK  food 
sessalss.'  In  sise  case  of  ins'ecsed  cysts  nc.ever,  ;•  3_  “ 

attempt  primary  excision  and  mere  caanon^ 

by  primary  drainage  and  excisicn  at  a  later  oate. 


2-URETHRA 

1577.]  The  urethra  is  des'eloped  as  an  outgrow^^h 

portion  of  the  cloaca.  Primarily,  the  anterior  uremra  is 

a  aroove  in  the  under  surface  of  the  penis,  wmcn  is  graauauj 

into  a  canal  by  fusion  of  its  lips;  the  proximal  portion  is 

the  fusion  gradually  spreads  distaliy.  Tne  prostate.  Cow  s  t-  ■ 

and  Littre’s  glands  develop  as  outgrow Lom  urwtiua. 

(1) — ^DoeMc  Tjrethra  +  j  ■  « 

True  duplication  of  the  penis  and  urethra  has  been  reported  m  a  c. 
cases  only.  A  more  common  malformation  is  a  f 

from  the  bladder  and  opening  on  the  extenor  ot 
accessorj^  canal  is  nearly  always  dorsal  to  t»e  noin-c.  .„_g  „ases 
opens  on  the  dorsum  of  the  penis  proximal  to  the  gkn.  1 

the  accessorx-  canal  does  not  reach  the  bladder  but  lead.  ^ 

external  opening  to  end  blindly  behind  the  Cor.enita 

situated  there  are  occasionally  abnormal  openings  which,  ^^^n  traced 
backward  join  the  normal  urethra  and  for  this  reason  are  sometime 
SrcSinilal  urchial  fistalae.  A  type  of  short  bhod  duct,  usually 
desisnated  para-urethral  duct,  opens  near  the  external  uu  - 
or  into  the  fossa  navicularis.  These  ducts  may  be  single  or  mul  iple 
and  are  common  in  hypospadias.  They  are  important  because  they  are 
liable  to  harbour  infection,  e.g.  gonorrhoea. 

(2) — ^Hypospadias 

(d)  Definition  . 

In  this  condition  there  has  been  defective  closure  ^ 
urethral  groove  so  that  the  external  urinary  meatus  is  on  the  xentr 
surface  of  the  penis  proximal  to  its  normal  position. 

(b)  Types 

The  external  opening  of  the  urethra  may  be  in  any  ventral  posi¬ 
tion  b^ween  the  perineum  and  the  glaas.  The  vanous  positions  of 
the  opening  are  usually  described  as  glandular,  penile,  peno-scrotal, 

"^fc’tadutomhc  commonest  type  .ad  includes  all  toe  cases  in  CM.I.r 

which“the  openina  is  between  the  normal  position  and  the  coronal 
sulcus.  The  fossa  navicularis  may  be  formed  and  the  urethral  open¬ 
ing  be  within  it,  but  very  narrow  and  contracted.  This  condition  i 
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sometimes  described  as  concealed  hypospadias.  In  other  cases  the  glans, 
which  is  broadened  and  flattened  from  before  backwards,  has  a  shallow 
groove  with  the  opening  of  the  urethra  at  the  bottom 
is  covered  on  its  dorsal  surface  by  the  prepuce  which  is  absent  on  the 
ventral  surface  as  also  is  the  frenum,  and  the  prepuce  is  described 

^In  thTp^Mle  UP? the  opening  is  anywhere  on  the  ventral  surface  of 
the  penis  between  the  coronal  sulcus  and  the  peno-scrotal  junction 
There  is  generally  a  shallow  groove  leading  from  the  opening  to  th 
glans  The  same  deformities  are  present  as  in  the  glandular  type,  name  y, 
the  flattened  glans  and  the  hooded  prepuce,  but,  in  addition,  a  fibrous 
cord  extends  from  the  meatus  to  the  glans  and  draws  these  two  points 
together,  producing  curvature  of  the  penis.  This  is  noticeable  in  the 
flaccid  condition  of  the  penis  but  when  erection  occurs  it  is  most 
marked,  producing  the  condition  known  as  chordee.  The  farther  the 
external  meatus  is  from  its  normal  position  on  the  glans  the  more 

marked  is  the  chordee.  ^ 

In  the  peno-scrotal  type  the  opening  is  at  the  junction  of  penis  and 

scrotum.  The  same  deformities  are  present  and  chordee  is  marked.  ^ 
In  the  scrotal  type  the  scrotum  is  generally  cleft  with  one  testis  in 
each  half.  The  penis  is  very  much  drawn  down  and  hidden  by  t  e 

redundant  preputial  fold.  .  ,  ^  i  a 

In  the  perineal  type  the  genital  region  resembles  that  in  the  female  and 
a  mistake  may  be  made  in  determining  the  sex  of  the  infant  The  scrotum 
is  entirely  bifid  and,  as  there  may  be  an  associated  mal-descent  of  the 
testes  the  two  halves  of  the  scrotum  resemble  the  labia  majora.  The 
penis ’is  small  and  contracted,  resembling  the  hypertrophied  clitoris. 


(c)  Clinical  Picture 

Only  the  penile  portion  of  the  urethra  is  affected  in  hypospadias  and 
the  normal  control  of  micturition  is  not  influenced  in  any  way.  The 
abnormal  opening  of  the  urethra,  however,  is  very  liable  to  be  sma  1 
so  that  symptoms  of  urinary  obstruction  may  be  produced.  If  a  child 
without  any  obvious  deformity  complains  of  difficulty  in  micturition 
or  even  acute  retention,  concealed  hypospadias  must  be  borne  in  mind. 
Other  symptoms  which  may  call  attention  to  the  deformity  are  associ¬ 
ated  with  the  urinary  stream  or  the  act  of  coitus.  The  stream  is  directed 
downwards  and  a  male  child  may  have  to  urinate  in  the  squatting 
position.  Owing  to  the  congenital  chordee,  coitus  may  be  difficult  or 
impossible.  Finally,  in  extreme  cases,  errors  may  be  made  in  the 
determination  of  sex  and  a  male  child  brought  up  as  a  female  (see 
Vol.  V,  p.  366). 

(d)  Treatment 

Glandular  hypospadias  and  the  lesser  degrees  of  penile  hypospadias 
may  cause  no  disability  to  the  patient  and  do  not  call  for  treatment. 
The  presence,  however,  of  a  stricture  or,  in  the  more  advanced  degrees. 
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of  chordee  aad  tbe  mal-direction  of  the  urinary  stream 
surgical  treatment.  .  -,r-oVems  are  pre- 

Strictures  v.lu_yieid 

senied  bv  tae  adiancsu  i .  ^ 

(ii)  the  absence  of  a  greater  or  lesser  part  Strmghtenms 

The  first  thing  to  be  done  is  an  operation  '^‘^-’7;.'"^  U;:.  ike  penis 

ing  the  penis,  but  it  is  diScult  to 

operation  should  be  uridertaken.  The  younger  tn-.  ^  ^• 

parts  and  the  more  difficult  the  operation.  On  tae 
child  grows  the  deformity  becomes  more  markeu 

ment  cannot  occur.  It  is  probably  wise  to  undertake  t:,^  * cperansn 
as  soon  as  possible,  generally  in  the  second  or  thiru  >e‘-- 

then  be  left  to  develop  normally  and  Technique 

later  date.  The  straightening  operation  is  stinpie  and 
a  transverse  incision  on  the  ventral  surface  ot  tne  pem.s  it.st  ‘ 

the  alans.  All  fibrous  tissue  is  excised  and  the  incision  sewi  p  -  r 
tudinally.  When  the  operation  is  completed  the  urethral  opening  is 
much  further  from  the  end  of  the  penis  than  it  second 

At  least  six  months  should  elapse  before  any  ■  •  ■  '  _  P  '  ,.  operation 

cedure  is  undertaken,  no  matter  at  tvhat  age  the  prelrmrnaij  ope.a..Oa 

has  been  done.  The  best  age  at  whtch  to  undertake  the  second  p  . 

tor  reconstruction  of  the  urethra  is  probably  after  «yen  y=«m  bu 
before  puberty.  At  this  time  the  parts  wiU  be  larger,  a  measure  ci 
co-operation  will  be  obtained  from  the  child,  and  sexual  developrn^  ^ 

not  have  advanced  too  tar,  ™th  frequent  erect.o.s  and  semrnal 

nfob/ect  of  the  second  operation  is  to  coustruct  a  n»'  ntethra  wUch 
will  couW  the  urinary  stream  from  the  ""‘'” 

ot  the  glans  penis.  The  numbei  ot  different  methods 

employed  in  canying  it  out  beats  ;  ,„l„ake  a  PMpleof 

procedure.  The  principle  underlying  all  the  oper_  ^  operation 

?„be  of  skin,  with  the  epithelial  surface  on 

subcutaneously  on  tbe  ventral  surface  of  t  e  ^  ^  ^  ^  ^ 

to  the  existing  urethra  at  one  end  and  emerges  on  the  |ans 

other  The  tube  of  skin  is  obtained  either  by  local  flaps  from  the  redund 

ant  prepuce,  or  as  a  whole  or  Thiersch  graft  from  some  other  part  of  the 

bodv  A  completely  successful  result  may  be  obtained  at  one  ope^tion 

to  strictures'and  urinary  fistulae  are  very  common 

several  secondary  operations  may  be  necessary  before  ^ 

obtained  More  than  in  any  other  branch  of  surgery,  th 

are  those  surgeons  who  are  frequently  called  upon  to 

perform  these  operations. 

detocmi.y  iu  which  the  -tbta 

Sg  above  ^e  chtoris. « 
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is  much  rarer  than  hypospadias  and  bears  a  close  relation  to  ectopia 

There  are  two  main  types'  of  the  condition,  penile  or  clitonc,  and 
complete.  The  essential  difference  between  the  two  is  that  control  of 

micturition  is  present  in  the  first  but  absent  in  the  complete  form.  In 
the  penile  or  clitoric  type  the  urethral  orifice  is  on  the  dorsum  of  the 
penis  or  clitoris,  generally  near  the  base.  The  prepuce  is  absent  on  the 
dorsum  and  the  penis  atrophic.  A  groove  extends  along  the  dorsum  of 
the  penis  from  the  meatus  to  the  glans.  In  the  complete  form  the 
urethra  appears  to  be  entirely  absent  and  the  bladder  opens  directly  to 
the  surface  in  the  region  of  the  symphysis  pubis.  The  pubic  bones,  as 
in  ectopia,  are  generally  not  united.  Interference  with  sphmcteric  control 
of  the  bladder,  due  to  the  malformation,  results  in  incontinence. 

In  most  cases  the  diagnosis  is  obvious  but  in  the  more  severe  degrees, 
especially  in  females,  it  may  be  overlooked.  Incontinence  may  then  be 
the  only  symptom  calling  attention  to  the  deformity.  Disturbances  m 
sexual  function  are  often  associated  with  epispadias.  The  small  size 
of  the  penis  and  the  position  of  the  orifice  may  make  coitus  im- 

possible.  ,  .  . 

In  the  penile  form,  without  incontinence,  a  plastic  operation  on  lines 

similar  to  those  described  for  hypospadias  will  produce  good  results. 
Complete  epispadias  presents  a  different  problem  because  the  internal 
and  external  sphincter  muscles  of  the  bladder  have  both  failed  to  unite 

anteriorly.  r 

Young  described,  and  claims  good  results  for,  a  radical  operation  tor 

the  cure  of  this  condition,  consisting  in  excision  of  the  fibrous  tissue 
replacing  the  muscle  fibres  of  the  sphincters,  and  resuture.  This  is  com¬ 
bined  with  a  plastic  operation. 

(4) — ^Congeiital  Obstruction 

Congenital  obstruction  may  be  due  to  urethral  occlusion  or  urethral 
valves.  Complete  atresia  of  the  urethra  may  appear  in  the  male  or  female 
foetus,  or  there  may  be  an  epithelial  occlusion  at  the  meatus  or  in 
the  length  of  the  urethra  .  There  will  be  complete  urinary  retention  in  the 
foetus  with  consequent  hydronephrosis  and  hydro-ureter.  Congenital 
valves  occur  in  the  posterior  urethra  and  give  rise  to  chronic  urinary 
obstruction.  The  condition  is  by  no  means  uncommon  and  now  that  the 
symptomatology  is  becoming  recognized  more  cases  are  diagnosed. 
These  valves  "are  all  situated  in  the  neighbourhood  of  the  verumon- 
tanum.  The  commonest  form  consists  of  two  flap-like  folds  extending 
distaly  from  the  lower  border  of  the  verumontanum  on  the  floor  of  the 
urethra,  arranged  rather  hke  the  valves  in  the  venous  system  so  that  they 
flap  forward  and  obstruct  the  urinary  flow  from  the  bladder  to  the 
exterior.  As  a  rule  they  do  not  obstruct  the  passage  of  an  instrument 
from  the  exterior  into  the  bladder.  A  similar  type  of  valve  may  extend 
proximaliy  from  the  upper  border  of  the  verumontanum.  The  third 
form  consists  of  a  diaphragm  across  the  lumen  of  the  posterior  urethra, 
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with  a  small  perforation  in 
flow. 

The  obstruction  which 
consequently  the  age  at  whict 
from  early  infancy  to  manhood.  Tne  symptom-con.p 
urinary  obstniciion  resembling  that  in  adults 
stricture  or  enlarged  prostate.  Tee  bladaer  hist  ny 
come  the  obstruction  but  later  begins  to  dilate.  cce>  no.  en.p 
and  retains  an  increasing  volume  ot  residua:  unne.^ihw  is  e  ^  ^ 
increased  frequency  of  micturition  and  distension  ct  tne  lower  ao^^ojnem 
Sooner  or  later  infection  gains  entry  to  the  smgnant  urine  :n  tne  ‘ 

and  the  symptoms  increase,  overflew  inccntiiience  of^unne  new 
feature.  Meanwhile  the  kidneys  and  ureters.^ as  a  resu^.  o. 
obstruction,  begin  to  dilate  and  bilateral  hydronepnresis  and  nrCLC- 
ureter  appear.  This  is  accompanied  by  a  gradual  failure  ot  rena.  lunction  ure:er 

with  increasing  uraemic  symptoms.  ^  .  u  ■ 

The  complete  picture  in  a  child  therefore  includes  dysuna,  perhaps 
incontinence  with  symptoms  suggesting  chronic  nephritis,  nausea, 
vomiting,  loss  of  weight,  diarrhoea,  and  oedema.  Chrome  obr^rucimn 
should  be  suspected  on  feeling  a  distended  bladder  or  draimog  On  a 

lar2:e  volume  of  urine  by  catheterization.  ^  n- 

Radioloffical  examination,  after  intravenous  injection  of  uroseiectan  B,  Djagr.osu  ^ 
will  -generally  reveal  the  gross  bilateral  hydronephrosis  and  hyuro-  maograpin 
ureter  If  the  condition  is  far  advanced,  the  kidneys  may  not  excrete 
sufficient  dye  to  outline  the  pelves  and  ureters,  and  in  this  event  cysto¬ 
scopy  and  retrograde  pyelography  should  be  performed. 
timh  a  picture  of  the  bladder,  filled  with  the  dye,  should  be  taken, 
which  will  demonstrate  the  rather  funnel-shaped  neck  of  the  , 

and  dilated  posterior  urethra.  Biochemical  investigations  reveal  a  high  B^ochenncal 

blood-urea  and  poor  renal  function  tests  (see  p.  393)._  Treatment 

The  immediate  treatment  of  an  advanced  case  is  simlar  to  that  of  T,eatmem 

urinary  obstruction  in  the  adult,  i.e.  free  drainage  of  the  bladder  unti 
the  kidnevs  have  regained  and  stabilized  their  ynction  L  is  mo.t 
important  that  the  chronically  distended  bladder  should  not  be  emptied 
at  one  sitting;  the  urine  should  be  let  off  slowly  by  cathetenzation  and 

^¥?eTtrf "  w^th  when  the  renal  function  .f 

has  recovered,  but  not  before.  The  most  satisfactory  method  is  to 
Love  the  valves  with  a  special  smaU  punch  but  it  may  be  possible 
to  excise  them  from  the  bladder  through  a  suprapubic  exposure. 


3.-MALE  SEXUAL  APPARATUS 

rSnee  of  a  testis  (anorchidism)  is  a  rare  anomaly  and  hkely  to  Absence 
be  confused  with  imperfect  descent  or  atrophy  from  mhented  disease, 
such  as  syphilis.  In  some  recorded  cases,  however,  the  testis,  epididymiis. 
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and  a  portion  of  the  vas  on  one  or  both  sides  have  been  absent.  The 
seminal  vesicle  and  upper  portion  of  the  vas  are  generally  present.  This 
malformation  is  often  associated  with  some  other  deformity,  such  as 

hypospadias  or  ectopia  vesicae.  ^ 

Supernumerary  testes  have  in  rare  instances  been  described,  Boggon 
(1933)  collected  twelve  examples,  of  which  nine  were  on  the  left  side. 
They  are  liable  to  be  confused  with  the  congenital  cysts  of  the  processus 


VaHiiiauLi.  . 

The  testis  is  suspended  within  the  scrotum  by  means  of  the  spermatic 
cord  and  gubernaculum.  In  its  normal  position  the  epididymis  and  lower 
portion  of  the  vas  lie  posteriorly  and  the  upper  pole  of  the  testis  is 
rotated  slightly  forwards.  Any  change  in  the  position  of  the  testis 
about  its  transverse  axis  is  known  as  inversion.  The  commonest  ab¬ 
normality  is  a  forward  rotation  on  the  transverse  axis  so  that  the  epi- 
didynnis  comes  to  lie  in  front  of  the  testis.  The  function  of  the  gland  is 
in  no  way  interfered  with  and  the  condition  does  not  give  rise  to  any 
symptoms.  It  is  only  of  importance  clinically  when  the  testis  or  epididy¬ 
mis  becomes  involved  in  some  disease,  such  as  tuberculosis,  when  an 
erroneous  diagnosis  may  be  suggested  if  the  epididymis  and  testis  are 
confused. 

See  also  Testis,  Undescended,  Vol.  XI,  p.  671. 


(2) — ^Hydrocele 

See  Testis  and  Cord  Diseases,  Vol.  XI,  p.  666. 


4.-FEMALE  SEXUAL  APPARATUS 

Abnormalities  of  the  ovary  are  dealt  with  in  the  article  Ovary 
Diseases,  Vol.  IX,  p.  319;  of  the  uterus  in  Uterus,  Diseases  and 
Disorders,  p.  416;  and  of  the  vagina  and  external  genitals  in  Foetus 
Diseases,  Malformations  and  Monstrosities,  Vol.  V,  p.  365,  and 
Vulva  and  Vagina  Diseases,  p.  606. 
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URTICARIA 

See  Allergy,  Vol.  I,  p.  317;  and 
Urticaria  Pigmentosa,  p.  410 
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1-DEFlNITION 

(5>'«on>’m.-Xanthelasmoidea) 

•  or,  nncommoa  disease  consisting  of 
1579.1  Urticaria  in  colour  between  brown-yellow 

chroaic  Biacules  and  nod  y  o^ell  i  e  become  urticarial,,  in 

?Sr."ede.a,=du..iUf»rpube«,. 
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2.-AETIOLOGY 


The  cause  is  unknown.  heX  apS  from 

toxic  influences,  but  inany  patients  PP  P  ^^^aemia,  associated  with 
the  eruption.  Morini  believed  that  r^J^t  ^yj^pathetic  hypotonus. 

hyperchlorhydriaand  eosinophilia,.  accom- 

Xagh  it  is  wa  jf  “ adult  patients  and  that 

pany  the  efflorescence  of  the  disease 
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such  syiiiptom,s  may  persist  and  be  attended  by  superadded  factitious 
urticaria,  this  view  has  not  received  strong  support.  The  onset  in 
Scolarf  s  case  was  heralded  by  severe  fever,  generalized  erythema,  and 
oedema.  Some  patches  of  erythema  disappeared  entirely  but  others 
macules  of  residual  urticaria  pigmentosa.  At  one  lime  the  lesions  were 
identified  with  moles  because  of  the  pigmentation  but  tliis  hypothesis 
is  of  historical  interest  only,  and  the  records  of  onset  after  measles, 
chicken-pox,  vaccination,  or  fright  are  examples  of  coincidence. 


SmMORBID  ANATOIvIY 

The  histological  picture  shows  an  accumulation  of  cells  in  a  fine  and  Histmgy 
rarefied  framework  of  connective  tissue.  These  cells  are  mostly  aggre¬ 
gated  round  the  deeper  blood-vessels  and  among  them  are  lisuaii}'  man^ 
mast-cells.  When  oedema  is  present  the  lymph  spaces  are  dilated.  OeJmia 
Melanin  occurs  in  the  basal  layer,  in  the  adjacent  corium,  and  m  the  peri-  Meimm 
vascular  connective-tissue  cells;  sometimes  a  little  pigment  is  found  m 
the  prickle-cell  layer.  Although  most  of  the  colour  is  due  to  melanin, 
haematin  may  be  mixed  with  it  in  small  quantities.  It  is  said  that  the 
calcium  and  sodium  chloride  content  of  the  blood  is  increased  and  that  Bbod 
the  coagulation  time  is  shortened.  Hollander  described  two  children  in  Tkanm 

whom  the  thymus  gland  was  enlarged.  ^ 

The  mast-cells  are  the  most  interesting  feature  of  the  lesions.  The\  ^'astce  s 

may  be  present  in  large  masses,  as  a  diffuse  infiltration,  or  as  a  slight 
increase,  or  they  may  be  absent.  They  may  be  arranged  in  columns 
between  the  white  fibrous  tissue  and  may  be  so  numerous^  as  to 
constitute  mast-cell  tumours,  in  which  the  cells  are  often  cuboidal  as 
a  result  of  pressure.  It  was  originally  thought  that  their  presence  was 
essential  to  the  diagnosis  but  a  few  tj'pical  cases  have  been  described 
in  which  no  trace  of  them  could  be  found  (Quinquaud).  The  great 
majority  of  patients,  however,  show  mast-cells  in  increased  numbers, 
not  only  in  the  lesions  but  often  also  in  the  intervening  apparently 
normal  skin.  Their  significance  is  unexplained,  for  they  do  not  show 
any  numerical  relation  to  the  age  of  the  patch,  to  the  clmical  type 
whether  macular  or  nodular,  to  the  depth  or  character  of  the  colour, 
to  the  presence  of  any  urticarial  element,  or  to  the  degree  of 
tion  In  those  few  cases  in  which  the  lymphatic  glands  are  enlarged, 
masi-ceUs  have  been  scattered  through  the  gland,  especially  in  the 
reticular  tissue  (Little).  This  lends  some  support  to  Fraser  s  view  that 
these  are  ‘tissue  mast-ceUs’,  derived  locally  from  connectiv^e-tissue  cells 
or  from  lymphoid  ceUs,  and  differing  morphologicaUy  from  blood 
mast-cells’.  The  same  author  has  demonstrated 
that  the  numbers  of  these  cells  vary  from  time  to  time  and  that  they 
may  be  temporarily  absent. 
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4.-CLINICAL  PICTURE 

Nettleship  described  the  first  recognizable  case  in  1869,  but  attention 
was  first  drawn  to  the  disease  some  sLx  years  later  by  Morrant  Baker 
and  Tilbury  Fox.  From  that  time  until  very  recently  it  has  been 
customary  to  divide  the  affection  into  congenital  and  adult  types. 
Although  this  distinction  is  now  realized  to  be  artificial,  it  may  be 
retained  for  the  purposes  of  description. 

Infantile  type  The  infantile  form  of  the  disease  is  rarely  congenital  but  the  eruption 
starts  within  the  first  year  of  life  in  the  great  majority  of  cases  and 
has  usually  become  fully  established  before  another  twelve  months 
Lesions  have  passed.  The  lesions  either  develop  insidiously  or  appear  iii  several 
show'ers  with  accompanying  urticaria.  Occasionally  the  first  sign  may 
be  a  wheal  or  a  bulla.  When  the  rash  has  appeared  it  may  be  purely 
macular,  purely  nodular,  or  may  show  mixed  lesions.  These  vary  in 
size  in  different  cases  but  are  fairly  uniform  in  a  particular  patient, 
the  average  diameter  being  a  quarter  of  an  inch  although  nodules  the 
size  of  a  florin  are  not  rare  and  a  few  have  attained  the  dimensions  of 
a  five-shilling  piece.  They  are  rounded  or  ovoid  and  are  usually  dis¬ 
tributed  with  their  longer  axes  along  the  lines  of  cleavage  so  that  they 
appear,  for  example,  round  the  neck  and  parallel  to  the  ribs.  Each 
lesion  has  a  definite  outline  and  any  irregularity  in  shape  is  extremely 
rare.  The  colour  is  striking  and  varies  between  a  brownish-yellow  and 
a  deep  brownish-red.  On  the  trunk  a  huff,  chamois-leather  tint  is  most 
common,  but  the  leg  patches  often  show  some  lividity.  The  areas  feel 
velvety  and  soft  with  some  slight  thickening  in  the  more  nodular 
patches.  Their  turgescence  occurs  after  friction  or  may  be  excited  by 
heat,  emotion,  or  fever.  This  change  is  accompanied  by  congestion  with 
increased  reddening,  urticarial  swelling,  and  the  formation  of  bullae 
in  5  per  cent  of  cases.  In  spite  of  this  repeated  swelling  the  macules 
remain  smooth  and  polished  between  the  attacks,  but  the  frequent 
stretching  results  in  finely  corrugated  surfaces  on  the  nodules.  Factitious 
urticaria  can  nearly  always  be  elicited  on  the  intervening  ‘normal’  skin. 
Number  of  The  smallest  number  of  lesions  recorded  is  two,  but  they  may  be  so 
lesions  copious  that  most  of  the  skin  is  covered.  They  may  even  affect  the 
Distribution  buccal  mucosa  and  the  palate.  In  most  cases  the  rash  first  appears 
on  the  trunk  aud  when  fully  developed  has  usually  spread  only  to  the 
adjacent  parts  of  the  limbs.  The  face  may  he  affected  but  the  palms 
‘ Adult’  ivpe  or  soles  oiily  rarely.  In  the  ‘adult’  form  the  lesions  generally  appear 
in  early  adult  life  as  innumerable  small  freckle-like  macules  varying 
from  one-eighth  to  one-quarter  of  an  inch  in  diameter  and  chiefly 
Lesions  affecting  the  trunk.  The  colour  is  usually  mid-brown  to  dark  brown 
and  often  contains  a  suggestion  of  purple,  but  the  buff  tinge  present 
in  children  is  never  seen  in  older  patients.  The  same  tendency  to 
turgescence  and  factitious  urticaria  is  present. 

Although  most  dermatologists  have  considered  that  the  two  types  are 
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clinically  distinct  and  did  not  recognize  the  adui:  picture  as  urticaria  Compsrismi 
pigmentosa  for  many  years,  the  careful  researches  of  Han  nay  demon- 
strated  beyond  doubt  that  the  two  forms  are  identical.  Thus,  it  was 
believed  that  the  infantile  type  was  always  nodular  and  the  adult  type 
always  macular,  but  both  are  mostly  macular  and  the  division  into 
macular,  nodular,  or  mixed  forms  is  largely  a  matter  of  lurgescence 
and  chance.  The  clinical  characters  and  distribution  of  the  eruptions 
do  not  differ.  Some  children  have  borne  only  macules  and  some  adults 
only  nodules.  The  sex  incidence  in  both  types  is  the  same,  males  slightly 
predominating.  After  the  first  year  of  life  the  incidence  at  diferent 
ages  is  fairly  even  and  there  is  not  any  considerable  increase  at  any 
other  period  of  life,  as  might  be  expected  if  adult  cases  were  a  type 
apart.  The  symptoms  also  correspond.  Itching  is  very  I'ariab.e  aknough 
it  is  increased  during  a  turgescent  phase.  Factitious  urticaria  may  or 
may  not  be  present.  Gastro-intestinal  symptoms  may  occur  but  in  the 
vast  majority  of  cases  the  general  health  is  good  and  growth  and 
nutrition  are  unimpaired. 


5.-COURSE  AND  PROGNOSIS 

It  was  once  thought  that  all  the  infantile  cases  recovered  spontaneously 
at  adolescence.  In  many  the  rash  gradually  becomes  less  prominent 
and  slowly  disappears,  but  examples  are  on  record  which  have  persisted 
into  adult  life.  Blumer’s  patient  had  suffered  for  forty  years.  In  such 
cases  the  lesions  tend  to  become  less  excitable  and  more  definitely 
macular,  showing  the  same  picture  as  those  which  begin  after  puberty. 
Although  the  adult  cases  may  take  two  years  to  attain  their  maximal 
efflorescence,  thereafter  they  seem  to  persist  unchanged  throughout  life 
except  for  a  gradual  lessening  of  the  urticarial  element. 


6.-DIAGNOSIS  AND  DIFFERENTIAL  DIAGNOSIS 

In  infancy  the  disease  may  be  confused,  during  its  period  of  develop-  Diagnosis 
ment,  with  urticaria  or  bullous  lichen  urticatus.  The  rapid  acquisition  i^^tkaria  and 
of  pigment  and  resistance  to  ordinary  treatment  seiwe  to  distinguish  bullous  lichen 
between  them.  When  the  colour  is  apparent,  confusion  is  most  likely 
to  occur  with  multiple  moles.  In  children  with  very  few  lesions  and  in  From  moles 
whom  the  hairs  of  moles  have  not  had  time  to  develop,  reliance  must 
be  placed  on  the  turgescence  or  on  biopsy.  The  lesions  redden  and 
swell  so  easily  on  slight  friction  that  microscopy  is  really  unnecessary. 
Xanthomatous  deposits  in  children  are  rare  and  never  numerous.  The  From 
colour  should  not  be  confused  as  there  is  a  difference  in  the  quality 
of  the  yellow  although  the  depth  of  colour  in  both  diseases  may  vary 
greatly.  Xanthoma  is  definitely  hard  to  the  touch  unless  it  occurs  in 
very  thin  infiltrations  such  as  are  seen  in  the  eyelids. 
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In  adult  life  the  eniptioii  is  most  often  confused  with  secondary 
syphilis  in  spite  of  the  great  irritation.  The  patches,  however,  are  not 
markedly  infiltrated  and  none  of  the  other  signs  of  secondary  syphilis, 
such  as  sore  throat,  are  present.  Also  the  lesions  do  not  possess  the 
curious  ill-defined  outline  of  the  early  syphilitic  papules.  Turgescence 
and  the  history  will  also  aid  the  differentiation. 


7-TREATMENT' 

Any  gastro-intestinal  disturbance  or  factitious  urticaria  should  be 
treated  on  appropriate  lines,  which  generally  dispose  of  these  symptoms 
but  do  not  affect  the  main  eruption.  Calcium  salts,  salicin,  and  X-ray 
therapy  have  been  said  to  help  but  their  value  is  extremely  doubtful. 
No  known  treatment  will  disperse  the  disease  although  the  use  of 
antipruritic  lotions,  such  as  alkaline  lotion  of  coal  tar,  and  guarding 
against  external  and  internal  stimuli,  may  help  to  ameliorate  the 
symptoms. 
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The  scope  of  the  above  title  demands  that  changes  in  the  uterus 
should  be  considered  by  themselves,  but  the  reader  is  reminded  at  the 
outset  that  abnormalities  of  the  vagina  are  frequently  combined  with 
those  of  the  uterus. 


l.-NORMAL  DEVELOPMENT 

1580.]  The  uterus  is  formed  by  the  fusion  of  the  lower  portions  of  the 
two  Mullerian  ducts  which  when  fused  are  at  first  soUd,  canalization 
taking  place  later  from  below  upwards.  In  the  full-term  female  child 
at  birth,  the  uterus  tends  to  be  C-shaped,  and  the  cervical  canal  is 
longer  than  the  cavity  of  the  body  of  the  uterus.  Towards  puberty  the 
angle  between  the  a?ds  of  the  uterine  cavity  and  that  of  the  cervical 
canal  widens,  and  the  body  of  the  organ  increases  in  size  more  rapidly 
than  does  the  cervical  portion,  so  that  the  proportion  is  reversed,  and 
the  cavity  measures  one  and  a  half  inches  compared  with  a  cervical 
canal  of  one  inch. 


2.-AETIOLOGY  AND  CLASSIFICATION 

Von  Winckel’s  classification  of  uterine  abnormahties  offers  a  systematic 
explanation  of  the  different  types  found.  It  depends  upon  what  is  normal 
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for  the  differeet  stages  of  de\eIoproeot  of  the  organ.  It  is  reproduced 
in  modified  form  below. 

Period  I:  first  month  of  intra-uterine  lire.  The  Mrliherian  ducts  are 
fo,rm.ed  as  solid  cords  by  the  junction  of  the  inner  ends  of  the  prcnephric 


Fig.  2S.— Rudimenm:}  uteres 

(This  and  Figs.  32  and  34  b>  cocrtes>  of  Professor  D.  Doagalj 


and  mesonephric  tubules.  Anomalies,  tii  Both  ducts  ma\'  be  absent 
(complete  absence  of  the  uterus  I  lii)  One  duct  may  be  absent  interns 
unicornis). 

Period  2:  second  month  of  intra-uterine  life.  The  IMullerian  ducts 
have  united  in  part  of  their  extent  into  the  genital  cord,  and  canalization 


Fig.  29. — Accessory  uterine  horn 


has  begun.  Anomalies,  (i)  The  two  ducts  may  remain,  complete!} 
separate  (uterus  duplex  separatus,  or  uterus  didelphys).  In  the  mos' 
extreme  degree  of  this  there  are  two  completely  separate  and  Mb 
developed  genital  tracts  (Gemmeil  and  Paterson),  (ii)  There  may  h 
absence  of  canalization  of  the  separated  or  united  ducts  (uterus  rudi 
nientarius,  duplex,  bicornis,  or  simplex)  (see  Fig.  28).  (iii)  There  may  b 
E.M.  VOL.  xn  2  E 
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partial  canalization  of  the  separated  or 
partim  excavatns  duplex,  bicornis,  or 


fused  ducts  (uterus  rudimentarius 
simplex),  (iv)  One  duct  may  be 
absent,  the  other 


Third  and 
fourth  month 
foetuses 


Anomalies 


Six  to  ten 

months'* 

foetus 


Anomaly 


First  ten 
years 


Anomaly 


present  in  an  imper¬ 
fect  state  (uterus  uni¬ 
cornis  cum  rudimento 
cornu  alterius). 

Periods  3  and  4:  third 
and  fourth  months  of 
intra-uterine  life.  Ex¬ 
ternal  fusion  of  the 
Mullerian  ducts  ex¬ 
tends  to  the  points  of 
origin  of  the  round 
ligaments,  and  the 
septum  within  gradu- 
ally  disappears. 
Anomalies,  (i)  Uterus 
bicornis:  septus,  with 


a  complete  septum;  subseptus,  with  a  partial  septum;  or  simplex, 

without  any  septum,  (ii)  Uterus  introrsum  arcuatus  (septus,  subseptus, 
and  simplex),  (iii)  Uterus  planifundalis  (septus,  subseptus,  and  simplex). 


(iv)  Uterus  foras  arcu¬ 
atus,  i.e.  uterus  without 
a  fundus  (septus,  sub¬ 
septus,  and  simplex). 

Period  5:  sixth  to 
tenth  lunar  months 
of  intra-uterine  life. 
There  is  more  marked 
development  of  the 
fundus.  Anomaly. 
Uterus  foetalis. 

Period  6:  first  ten 
years  of  extra-uterine 
life.  During  this  period 
the  uterus  is  slowly 
losing  its  infantile 
characters .  Anomaly . 
Uterus  infantilis. 


Ten  to  Period  7:  tenth  to 

sixteenyears  sixteenth  years.  The 


Fig.  31.— Endometrium  of  accessory  uterine 
horn.  xl50 


uterus  develops  from  .  . 

Anomalies  the  infantile  to  the  mature  organ.  Anomalies,  (i)  Uterus  virgmens;  (u) 
uterus  inaequalis;  and  (iii)  hypoplastic  uterus. 

Accessory  In  addition,  a  third  MiiUerian  element  may  appear  and  form  an 
third  horn  nt'('ei<;nrv  uterine  hom  (Ballantyne)  (see  Figs.  29,  30,  and  31). 
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Clinical  classification  ^  ^ 

The  foregoing  classificaiion  is  scieniincall}  accurate  out^too  r^^nicer- 
some  for  clinical  purposes.  The  ioLovving  :s  a  UNeuai  t%or,.vi..g 

tion.  (i)  Absence  of  the  nterus;  bi,  nrncoTr.  nter-js:  ijni  bicornuate 
uterus  (a)  both  horns  equal  in  size  and  co;n?;ete;y  canaitzec.  Jh) 
unequal  in  size  and  or  unequal  in  canalization  ssee  F:g.  c_),  ■-. ) 
or  septate  uterus:  iv)  infantile  uterus;  Aij  pubescent  uterus ^icccn.eate 
uterus  or  acute  anteflexion  of  the  cervix);  anc  tvnj  h;.popiasii^ 

Various  causes  of  failure  of  union  of  the  t\\o  Mui'erian  e.ements^na.e 
been  described,  no  one  of  which  accounts  tor  all  cases,  fii  A  ves-cc- 


rectal  peritoneal  fold  of  vascular  origin  may  stretch  across  the  pelvis 
from  front  to  back  and  thus  prevent  union,  (u)  The  Mullerian  ducts 
may  be  held  apart  by  abnormally  short  round  ligaments,  (m)  Tumours 
may  be  present  in  the  uterine  muscle.  In  many  patients  no  cause  can  be 
found  for  the  abnormality. 


3.-CLINICAL  PICTURE 

No  one  cUnical  picture  will  represent  all  cases.  Some  individuals 
undoubtedly  go  through  life  without  any  symptoms.  In  some  the 
condition  is  only  discovered  during  pregnancy  or  labour. 

(l)—NoQ-Pregnant  State  ,  , 

The  incidence  of  these  abnormaUties  is  difficult  to  assess  and  often  the  Inadence 
condition  is  discovered  accidentally  during  a  pehuc  examination  and 

held  not  to  be  the  cause  of  the  symptoms.  ■  .-u 

In  a  .gynaecological  hospital  which  admitted  d,998  patients  p 
years  14  patients  had  anomaUes  of  Mtillerian-duct  development,  but  m 
only  3  caL  (0-05  per  cent  of  the  patients  treated)  were  thesemnomakes 
considered  to  be  the  cause  of  the  patient  s  symptoms.  Dunn^ 
sal  period  22  patients  {0-36  per  cent  of  the  patients  treated)  showed 
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varying  degrees  of  gross  under-development  of  the  uterus;  this  does 
not  include  the  common  cochleate  uterus  (see  p.  435). 

Absence  of  uterus 

In  the  absence  of  the  uterus  there  is  complete  amenorrhoea. 

Unicorn  uterus 

The  unicorn  uterus  does  not  cause  any  symptoms  but  may  e  associ 
ated  with  other  severe  congenital  abnormalities. 


Bicornuate  uterus  .  .  *  i,-  x. 

The  type  of  abnormality  which  gives  rise  to  symptoms  is  that  in  whic 

the  horns  are  of  unequal  size  and  have  inequality  of  canalization  pre- 


Clinical 

picture 


Physical 

signs 


Fig.  33. _ ^Uterus  didelphys  with  unilateral  haematocolpos 


venting  the  easy  outflow  of  menstrual  fluid  from  one  horn.  Occasionally 
a  uterus  didelphys  may  be  associated  with  a  unilateral  haematocolpos 

Fig.  33")  • 

These  patients  suffer  from  spasmodic  dysmenorrhoea.  The  pain  has 
usually  been  present  since  puberty  and  is  felt  in  the  lower  abdomen, 
commonly  in  the  hypogastrium  and  only  occasionally  on  one  or  other 
side  It  begins  with  the  menstrual  flow  and  lasts  for  a  variable  time,  in 
some  patients  throughout  the  flow.  It  is  usually  severe  enough  to  be 

The  physical  signs  are  variable  and  may  have  to  be  elicited  under 
anaesthesia  as  the  patients  are  often  virgin  when  they  seek  advice.  At 
examination  sometimes  the  presence  of  two  vaginae  or  of  a  vagina 
septum  warns  the  examiner  of  the  possibility  of  duplication  of  the  genital 
organs.  When  there  is  no  such  warning  the  uterus  is  felt  with  a  mass 
atteched  to  it  on  one  side.  An  undeveloped  horn  is  attached  to  the  better 
formed  horn  at  a  low  level,  i.e.  at  the  level  of  the  supravaginal  cervix. 


Radiograph  after  injection  of  iodized  oil  into  bicornuate  uterus 
Plate  X 


[To  face p.  421 
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These  physical  sigas  may  be  interpreted  as  shewing  the  presence  of  a  Differentia! 
ibroid  or  an  endometricnia  of  the  uterine  waii.  But,  as  the  patients  are 
usually  under  thirty  }ears  of  age,  and  their  stxptcnns  ha^  e  been  present 
from  puberty  or  soon  after,  the  true  diagnesis  should  be  clear.  Iodized  oil 
may  be  injected  into  the  uterus  and  a  radiograph  cbiaLned  isee  Plate  X'l. 

Surgical  treatment  is  essential  and  consists  in  the  removal  of  the  under-  Tremmmt 
developed  horn.  Great  care  must  be  taken  to  secure  haemostasis  and 
complete  peritonization.  In  operations  on  patients  with  double  uterus, 
care  is  necessary  to  avoid  injury  to  the  ureter.  vGruch  may  be  displaced. 

Occasionaily  when  the 
abnormality  is  lack  of 
fusion  of  the  upper 
parts  of  two  well  de¬ 
veloped  ducts  (uterus 
blcomis  unicoilis)  a 
plastic  operation  (utri- 
culopiasty)  may  be 
undertaken  to  unite 
the  horns.  Successful 
pregnancies  have  fol¬ 
lowed  this  operation 
(Murray). 

These  remarks  on  bi- 
cornuate  uterus  also 
apply  to  the  rare  cases 
of  an  accessory  third 
hom,  in  w4ich  instance 
the  exact  diagnosis  will 
not  be  made  until  the 
abdomen  has  been  opened  and  the  relations  of  the  round  ligaments  and 
appendages  to  the  sw^elling  thoroughly  studied. 

Patients  who  have  some  form,  of  double  uterus  do  not  necessari,ly  Fertility  ' 
suffer  from  i,mpaired  fertility;  they  may  show  an  unusually  high  per¬ 
centage  of  twin  pregnancies,  possibly  due  to  simultaneous  pregnancies 
in  the  two  horns. 

Complications  are  remarkably  rare.  Doran  and  Lockyer  stated  that  Compikatmm 
septate,  bicomuate,  and  didelphic  uteri  were  less  liable  to  harbour 
tumours  of  clinical  importance  than  were  normal  uteri.  Buist  and 
Valentine  were  able  to  collect  .from  the  lite,rature  only  seven,  cases  of  . 
carcinoma  corporis  in  double  uteri  (see  Fig.  34). 

Arcuate  or  septate  uterus 

This  type  of  abnormality  does  not  as  a  rule  give  rise  to  any  symptoms 
unless  pregnancy  occurs,  although  it  .may  occasionally  be  a  cause  of 
menorrhagia.  In  such  cases  the  diagnosis  of  fibroid  is  usually  made, 
and  the  true  diagnosis  is  only  reached  on  opening  the  abdomen.  The 
treatment  is  utriculoplasty. 


Fig.  34. — Carciiio,ma  corporis  in  one  hom  of 
double  uteras 


Clinical 

classification 


Pregnancy 
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Infantile,  pubescent,  and  hypoplastic  uteti 
Infantile,  pubescent,  and  hypoplastic  uteri  may  not  give  o 
symptoms.  Sometimes  dysmenorrhoea  is  a  complaint  (see  Vol.  , 
p  355).  Sterility  is  another  complaint  and  may  be  treated  by  admimstra- 
Ln  of  oestrin  with  the  aim  of  stimulating  fuller  development  of  the 
uterus.  It  should  be  given  in  the  form  of  oestradiol  benzoate,  5  mgm. 
twice  a  week,  or  stilboestrol  1  mgm.  twice  a  day,  for  three  weeks  follow- 
irrenlru^tion,  and  then  a  week’s  rest.  Dilatation  of  the  cervix  with 
insufflation  of  the  uterine  (Fallopian)  tubes  will  assist  conception  in 
about  one-third  of  the  cases  of  pubescent  uteri. 

(2) — ^Pregnant  State  •  j  j 

Clinically  two  main  types  of  uterine  abnormality  have  to  be  considered: 
(i)  those  with  one  horn  underdeveloped  (uterus  unicornis  cum  rudi- 


Fir  15  — PrecTiancy  in  rudimentary  horn  of  bicornuate  uterus;  the  pre^ant  horn 
?s  ™ptuS  (From  a  specimen^  the  Gordon  Museum.  Guy’s  Hospital.  From 
A  Short  Textbook  of  Midwifery,  by  G.  F.  Gibberd) 

mento  cornu  alterius,  or  uterus  bicornis  cum  cornu  rudimento  of  some 
authors;  rudimentary  horn);  and  (ii)  those  with  both  horns  equally,  or 
nearly  equally,  developed  (uterus  bicornis). 

Rudimentary  horn 

Munro  Kerr  stated  that  pregnancy  was  very  rare  m  a  uterus  unicornis 
and  gave  details  of  the  relations  of  the  different  forms  of  uterine 
abnormality  to  pregnancy  and  labour.  Pregnancy  in  the  rudimentary 
horn  of  a  uterus  often  terminates  by  rupture  of  the  rudimentary  horn 
(see  Fig.  35),  and  is  then  accompanied  by  the  symptoms  and  signs 
classically  associated  with  an  extra-uterine  pregnancy.  (See  Fallopian 
Tubes  Diseases,  Vol.  V,  p.  258.)  The  accident,  however  occurs  at  a 
somewhat  later  stage  of  pregnancy  than  those  in  which  the  ovum  is  in 
the  Fallopian  tube.  In  a  few  recorded  cases  pregnancy  in  a  horn  o  is 
type  has  persisted  till  full  term.  The  termination  has  been  intra-uterine 
death  some  time  after  calculated  term  and  the  foetus  has  had  to  be 

removed  by  abdominal  section.  .  . 

The  diagnosis  is  apt  to  be  mistaken  for  that  of  pregnancy  in  a  hbroid 


Diagnosis 
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.terus,  but  the  signs  cf  interna!  haemorrhage  cah  ter  .aparOLom}.  when 

he  real  condiiion  is  disclosed.  be 

When  the  abaomen  has  oeen  opened  .ne  . 

’emoved  but  whenever  possible  the  ovary  on  tne  anec.eo 
}e  conserved. 


True  bicornuate  uterus 

Pregnancies  in  bicornuate  uteri  are  liable  to  terminate^  early.  Miller 
found  that  in  67  pregnancies  there  were  19  abortions  and  "  premaraie 
labours.  The  abortions  are  liable  to  be  incomplete,  anc  inlecnon^ 
therefore  common  either  demanding  immedmte^  meatment  or 
to  menorrhaaia  later.  The  decidua  may  be  retained  in  lu-.  wnimpr^e--^-'-^ 
horn,  and  this  too  may  lead  to  menstrual  disturbance.  Accoruing  .o 
Poiak  the  proportion  of  twin  pregnancies  is  high.  _ 

It  has  been  often  stated  that  bicornuate  uteri  cause  transverse  ues  m 
pregnancy.  Such  a  lie  should  suggest  this  uterine  abnormality  m  a 
primigravida  with  a  normal  pelvis  and  normal  foetus.  It  may  be  treated 
bv  external  cephalic  version  and  the  application  of  a  binder  during  preg¬ 
nancy.  Figures  quoted  below  do  not  support  this  as  a  common  ehec.. 

Many  patients  pass  through  pregnancy  and  labour  without  any  aonor- 
mality  or  sign  of  dystocia.  Certain  eventualities,  however,  are  recognized. 

In  the  first  stage  of  labour  there  is  not  as  a  rule  any 
when  there  is  a  twin  pregnancy  with  one  foetus  in  each  half  oi  the  double 
uterus  there  is  liable  to  be  inertia  of  the  second  half  to  be 
In  the  second  stage  the  non-pregnant  half  of  the  uterus  may  lie  bdo 
the  presenting  part  of  the  child  and  cause  obstruction.  On  the  other 
hand  it  has  been  stated  that  abnormally^  wide  pelves  are  common  y 
associated  with  this  condition.  Lockyer,  however, 

84  collected  cases  there  was  only  one  abnormally  wide  pehis.  In  the 
third  stage  retention  of  the  placenta  occurs.  Miller  noted  that  manual 
removal  of  the  placenta  was  necessary  8  times  in  41  cases.  ^ 

An  attempt  has  been  made  to  assess  the  incidence  of  the  various  abnor- 
malitiM  of  labour  produced  bycougenital 

thecUiiicalreportsoftwelvelargematernityhospitalsorum  s.Thefa  ures 

must  be  taken  only  as  a  rough  index  and  not  as  statistically  accur 
The  total  number  of  deliveries  covered  by  these 
and  congenital  abnormalities  of  the  uterus  are  recorded  49  i.e. 

1  in  5  890  labours  or  0-017  per  cent.  The  abnormality  caused 

bowef  on  Was  only,  1  i»  «>.<■**  ”  T,'”ol 

cent  The  non-preeuant  bom  obstructed  labour  m  11  patients,  3  o 
XJhJZl  previous  normal  labours,  and  for  these  patienB 
Caesarean  section  was  undertaken.  In  another  patient  with  this  com- 
SSSS  la““otVy  was  performed  and  the  non-pregnant  horn  ited 

of  the  pelvis;  a  normal  labour  ^°a”g  aV 

Tn  5  natients  the  non-pregnant  horn  also  contained  fibroids  and  there 
cVa  eVsection  w'as  performed.  contracted  pelvis  was  also 
pTsem  S  3  patients  and  provided  the  indication  for  Caesarean  seetton. 


pre/nuiim^ 

ditJ 


Abnormiii 
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iMbour 
First  stage 
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the  various 
complications 


Methods  of 
treatment 


424 


UTERUS,  DISEASES  AND  DISORDERS 

Tabulation  of  CompUcations  of  Labour  Associated 
with  Congenital  Uterine  Abnormalities 


[VOL.  Xli 


Type  of  No.  of 
Abnormality  Cases 


Complications 


Treatment 


(a)  In  the  following  cases  the  uterine  abnormality  was  responsible  for 
the  difficulty  in  labour: 


Bicornuate  uterus 


Bicornuate  uterus 


Bicornuate  uterus 


11 


Obstruction  of 
labour  by  non¬ 
pregnant  horn 
Feared  possibility  of 
obstructed  labour 


Feared  possibility  of 
obstructed  labour 


Bicornuate  uterus 
with  fibroids 

Bicornuate  uterus 
with  transverse  lie 
Bicornuate  uterus 
with  abnormal  pre¬ 
sentations 
Bicornuate  uterus 


Obstruction  of  labour 
by  fibroids  in  the 
non-pregnant  horn 
Disproportion  due 
to  lie  of  child 
Difficulty  due  to  the 
abnormal  presen¬ 
tation 

Retention  of  pla¬ 
centa 


Caesarean  section 


Laparotomy.  Non¬ 
pregnant  horn  lifted 
out  of  pelvis.  Nor¬ 
mal  labour  24  hours 
later 

Non-pregnant  horn 
pushed  up  out  of 
pelvis  in  each  of  two 
pregnancies  in  the 
antenatal  period. 
Normal  labour  on 
each  occasion 
Caesarean  section 


Caesarean  section 

Treatment  appropri¬ 
ate  to  the  abnormal 
presentation 
Manual  removal  of 
placenta 


Total 


27 


(b)  In  the  following  cases  the  uterine  abnormality  was  not  the  cause  of 
the  difficulty  in  labour: 


Bicornuate  uterus 
with  contracted 
pelvis 

Unicorn  uterus  and 
pelvic  kidney 
Unicorn  uterus  and 
obliquely  con¬ 
tracted  pelvis 


3  Disproportion  due 
to  the  contracted 
pelvis 

1  Obstruction  of  labour 
by  pelvic  kidney 
1  Disproportion  due 
to  contracted 
pelvis 


Caesarean  section 


Caesarean  section 
Caesarean  section 


Total 


The  assistance  rendered  by  Dr.  O.  G.  Bark  in  searching  the 
Hospital  Reports  is  gratefully  recorded. 
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A  unicorn  uterus  with  an  additional  complication  was  found  in  ^2 
patients  (1  pelvic  kidney  and  1  obliquely  contracted  peKis),  and  in 
them  also  delivery  was  by  Caesarean  section. 

In  contrast  to  the  above,  2  other  cases  may  be  cited:  (i)  a  patient 
known  to  have  a  bicornuate  uterus  had  six  normal,  and  no  complicated, 
deliveries;  and  (ii)  another  patient  had  the  non-pregnant  hom  pushed 
up  out  of  the  pelvis  in  each  of  two  pregnancies  during  the  antenatal 
period,  and  on  each  occasion  delivered  herself  successfully. 

Abnormal  positions  of  the  child  were  the  cause  of  some  diflSculty  in 
7  patients;  in  only  3  of  these  (2  primigravidae  and  1  multigravida)  was 
the  lie  transverse  and  all  of  these  were  delivered  by  Caesarean  section- 
The  other  4  patients  were  delivered  vaginaliy  by  the  usual  methods 
appropriate  to  the  abnormality  of  the  position  found. 

Retention  of  the  placenta  occurred  only  twice,  once  in  a  primigrayida 
and  once  in  a  multigravida  who  had  previously  had  three  abortions 
and  one  premature  and  two  normal  deliveries.  This  patient  suffered 
from  retention  of  the  placenta  three  times  in  all. 

Among  the  patients  delivered  normally,  and  not  included  above,  one 
had  previously  had  utriculoplasty  performed  for  a  bicornuate  utems. 
The  essential  points  illustrated  by  the  above  cases  are  summarized  m 
the  table  on  the  opposite  page. 
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L— NORMAL  POSITION 

1581.]  Knowledge  of  the  normal  position  and  relations  of  the  uterus 
is  necessary  for  a  clear  understanding  of  its  displacements.  Within 
limits  the  uterus  is  a  mobile  organ  and  has  a  fairly  extensive  range  of 
movement  when  acted  on  by  forces  external  to  it,  but  it  tends  to  return 
to  the  normal  position  when  those  forces  have  ceased  to  act.  That 
position  is  determined  mainly  by  the  attachments  of  the  cervix.  On 

426 
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either  side  the  cardinal  ligaments,  strong  bands  of  fascia,  run  outwards 

eiincr  MUC  luc  O  r-lnsp  v  fnllowms 


either  side  the  cardinal  iigamenis,  bLiuug  . — — ,  ,  ■ 

and  backwards  in  the  lower  part  of  the  broad  ligament,  closely 
the  line  of  the  uterine  arteries,  attached  m  front  just  above  the  junc 
of  cervix  and  vagina,  and  spreading  out  posteriorly  to  merge  into  the 

^rS^Lttpportedinthemidd^^ 

at  the  level  of  the  ischial  spines;  it  may  be  compared  to  ^ 

on  a  swing,  because  it  can  be  drawm  forwards  or  pushed  s 

from  side  to  side;  if  the  swing  ropes  are  slack  there^is  descent,  it  th  y 

are  tightened  up  there  is  fixation.  And  just  as  the  child  can  lean  J 

or  baSwards  on  the  swing,  the  body  of  the  uterus  can  rotate  backwards 

or  forwards  on  the  cervico-vaginal  junction.  forwards 

Normally  the  axis  of  the  uterine  body  is  inclined  slightly  forwards 
on  that  of  the  cervix  (anteflexion),  and  the  pull  of  the  lateral  attach- 
f  the  cervix  is  »  directed  that  the  bod,  of  ‘X 

forwards  against  the  posterior  and  upper  aspect  of  the  bladder  (an 

^The°maintenance  of  this  position  is  materially  assisted  by  Re  action 
of  the  anterior  parts  of  the  levatores  am  muscles.  Normal  tonic  con 
°ra  the£  fibres,  acting  pnm.riiy  on  the  vagma  and  r«„m 

and  indirectly  on  the  cervix,  tends  to  push  the  cervix  upwards  and 
SckwatS  and  so  to  tilt  the  body  of  the  uterus  forwards.  Act.ve  con- 
traction  of  these  muscles  is  usually  a  combined  muscular  movement, 
the  muscles  of  the  abdominal  walls  contracting  at  the  same  time,  as  in 
ctSS  sLning,  and  def.eeat.on,  and  is  an 

preventing  displacement  of  the  uterus  during  such  expulsive  movements. 


Cardinal 

ligaments 


Mobility  of 

uterus 


Aniefiexion 
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II.— DISPLACEMENTS 

1S821  The  uterus  being  so  mobile  is  easily  displaced.  A  full  bladder 
ma“'Ch  if  backwart^;  a  loaded  reotun.  and  sigmoid  may  ra»  .  _ 
Morbid  conditions  may  cause  grotesque  displaceinen  s,  w  i  ^ 
^coXy  interest  but  emphasize  the  view  that  the  uterus  is  within 
limits  a  very  mobile  organ,  and  that  a  deviation  from  the  nomal 
position  should  not  always  be  looked  on  as  an  indication  for  gy 
logical  orthopaedics. 


i.-RETROVERSION 


rfn  fof.  a  re.entrant  angle  with  it.  There  are  two  <!■«■»«  Vpes  of 
retroversion,  the  congenital  or  developmental  and  the  acquired,  w 

require  different  treatnieiit. 


428 


UTERUS,  DISEASES  AND  DISORDERS  [vol.  xii 


g)_Coagemtai  or  Developmental 

(a)  Aetiology 

This  tvpe  is  comnioaly  found  in  nulliparous,  often  virp,  ^ 

may  be  Lsociated  with  symptoms,  dysmenorrhoea  and-or  sterility,  or 
mav  be  discovered  in  the  course  of  a  complete  physical  exanainatmn 
without  any  symptoms  referable  to  the  genital  system  The  condition 
rs  n  dl  probability  due  to  failure  of  the  uterus  and  vagina  to  reach  full 
de'loprnt  at  tL  time  of  puberty.  The  uterus  often  rather  small, 
lies  in  the  axis  of  the  vagina  but  moves  freely  in  the  pelvis. 

(b)  Clinical  Picture 

It  is  doubtful  if  this  condition  causes  symptoms.  Failures  of 
development,  such  as  this  condition,  a  conical  cervix,  a  pm-hole  os 
and  an  acute  anteflexion,  are  undoubtedly' associated  in  many  case 
with  symptoms,  usually  dysmenorrhoea  and/or  sterility.  On  the  ot 
hand  many  women  with  such  abnormalities  lead  normal  sexual  lives 
aS  become  mothers.  In  the  absence  of  genital  symptoms,  it  is  quite 
unjustifiable  to  explain  the  symptoms  of  a  neurotic  or  neurasthenic 
patient  by  informing  her  that  her  womb  is  out  of  place  and  so  gi^mg 
Lr  the  fixed  idea  that  she  is  not  as  other  women  are.  If  she  is  told  _ 
the  position  of  her  uterus  she  should  be  reassured;  her  retroversion  is 
pTobSJy  not  more  important  from  a  medical  point  of  view  than  the 
possession  of  a  snub  nose.  If  the  patient  complains  of  dysmenorrhoea 
Ld/or  sterility,  the  treatment  appropriate  for  these  symptoms  should 

be  given. 

(2) — ^Acquired 

(a)  Aetiology 

A  normal  uterus  may  be  displaced  backwards  by  many  causes.  An 
ovarlTtumour  perched  on  the  hrim  of  the  pelvis,  post-menopausa 
weakening  of  the  uterine  supports  in  elderly  women,  beginnmo 
established  prolapse,  the  pull  of  adhesions  after  pelvic 
the  development  of  an  endometriosis  may  be  associated  with  retro¬ 
version,  but  the  position  of  the  uterus  is  in  these  cases  an  unimportant 

’^Ckims  are  sometimes  made  that  a  fall  on  the  buttocks  has  caused 
backward  dislocation  of  the  uterus.  The  history  is  usually  that  there 
was  a  feeling  of  something  going  out  of  place  internally  at  the  time, 
and  that  the  accident  has  been  followed  by  backache  or  discomfor  . 
The  likelihood  of  such  an  accident  would  be  increased  if  the  utems 
were  enlarged  by  an  early  pregnancy,  and  I  have  seen  a  case  in  wluc 
it  was  claimed  that  a  miscarriage  had  been  thus  caused.  The  possibili  y 
of  such  an  accident  cannot  be  denied,  but  a  careful  examnation  is 
necessary  to  establish  the  fact  that  a  retroversion  exists  and,  so  tar  as 
is  possible,  to  exclude  the  probability  that  it  was  already  present  before 
the  accident. 
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(£>)  Clinical  Picture 


The  following  description  concerns  chiefn  the  :}pe  of  re:ro\ers:on 
which  occurs  after  child-birth  and  is  associated  vvith  5}nip:orns:  back¬ 
ache,  often  worse  before  menstruation.  leucorrhoea.  and  neavier 
menstrual  losses.  On  examination  retroversion  of  the  uterus  ts  easu}" 
detected.  The  fundus  is  felt  in  the  posterior  fornix,  but  it  does  no:  as  in 
developmental  retroversion  nio\e  freely  in  the  pei\is:  it  rests  on  tite 
pelvic  floor.  It  is  bulky,  rather  flabbvc  and  often  tender  on  pa.pation. 
It  may  be  easily  replaced;  bat  this  may  be  dimcult.  sometimes  because 
the  uterus  is  fixed  by  adhesions;  bet  more  commonly  i:  is  cue  to  tne 
bulk  of  the  uterus,  to  slipping  of  the  fundus  between  the  uterosacral 
ligaments  forming  the  upper  lateral  iimits  of  the  recto-uterine  excavation 
(pouch  of  Douglas),  or  the  fact  that  the  patient,  because  her  uterus  is 
tender,  does  not  permit  pressure  upon  her  fundus  acequate  to  disiodge 
it  from  the  recto-uterine  excavation.  A  retroversion  should  not  be 
considered  'Iked’  until  an  attempt  to  replace  it  has  been  made  under 
an  anaesthetic. 


Reiw  I'ersion 
lifter 

ckiU-Mrth 

Sirvptoms 


This  type  of  retroversion  is  not  uncommonly  associated  with  retro-  Associated 

flexion,  when  the  body  of  the  uterjs  has  sagged  backwards  on  the  , 

cervix  and  the  abnormal  position  ot  the  lundus  is  consequently  ,.\ag- 
gerated.  In  extreme  cases  ihe  uterus  is  upside  down,  the  external  os 
being  the  highest  point  and  the  fundus  the  lowest  when  the  patient  is 
in  the  dorsal  position.  The  displaced  fundus  ma\',  through  the  liga¬ 
ments  of  the  ovaries,  drag  the  ovaries  down  into  the  recto-uterine  Oaphorahl 
excavation,  and  the  prolapsed  ovaries  may  cause  pain  on  defaecatlon 
or  in  coitus.  The  displacement  may  also  be  associated  with  some  Uterine 
degree  of  uterine  prolapse.  In  this  condition  care  should  be  taken  to 
examine  the  cervix,  which  will  often  be  found  torn,  with  exposure  of  Cervix 
an  inflamed  cervical  mucous  membrane  (ectropion),  or  instead  of  the  Ectropion 
normal  stratified  epithelium  covering  the  vaginal  portion  there  may  be 
some  areas  of  inflamed  epithelium  of  the  cervical  canal  type  (granular 
cervix  or  inflammatory  erosion).  In  view  of  the  trauma  suffered  by  the  Erosion 
cervix  during  the  first  and  second  stages  of  labour,  it  is  not  surprising  Cervicitis 
that  the  injured  tissues  should  sometimes  become  infected  after  delivery, 
and  that  the  infection  should  sometimes  be  chronic. 

The  normal  process  of  involution  concerns  not  merely  the  uterus  but  involution 
the  soft  tissues  of  the  pelvis  generally,  including  the  uterine  supports 
and  the  levatores  ani  muscles.  Involution  is  delayed  or  prevented  by 
acute  puerperal  infection;  therefore  it  is  reasonable  to  conclude  that 
the  milder  and  more  chronic  infections  just  mentioned  are  largely 
responsible  for  the  slack  ligaments  and  atonic  muscles  which  fail  to 
maintain  the  bulky  uterus  in  anteversion.  Indeed  the  cervical  lesion 
alone  would  account  in  many  cases  for  the  symptoms  usually  regarded 
as  the  classical  symptoms  of  retroversion. 
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(c)  Diagnosis  and  Differential  Diagnosis 
In  this  there  is  not  usually  much  difficulty.  The  fundus  cannot  be 
palpated  in  the  anterior  fomix  but  can  be  felt  in  the  posterior^  and  the 
greater  the  dispiacement  the  easier  as  a  rule  is  the  diagnosis.  Four  stages 
are  often  described,  hut  these  are  arbitrary  and  cannot  be  regarded  as 
guides  to  treatment.  It  is  more  important  to  ascertain  whether  Xi) 
the  uterus  is  bulky  and  tender;  (ii)  cervical  lesions  are  present;  (iii)  the 
uterus  is  replaceable  (an  anaesthetic  may  be  required  to  decide  this 
point);  (iv)  the  ovaries  are  prolapsed  and  tender;  and  (v)  there  is 
beginning  prolapse  of  the  uterus. 

Errors  in  diagnosis  can  be  made,  because  not  every  tumour  felt  in 
the  posterior  fornix  is  necessarily  the  fundus  of  the  uterus,  even  when 
that  cannot  be  palpated  in  front.  Confusion  may  be  due  to  a  fibroid 
in  the  posterior  wall  of  the  uterus,  an  inflammatory  mass,  a  tubal  mole 
lying  in  the  recto-uterine  excavation,  or  a  prolapsed  and  adherent 
ovary.  It  may  be  impossible  to  define  the  position  of  the  fundus  in  a 
patient  with  a  thick  or  rigid  abdominal  wall.  An  examination  under  an 
anaesthetic  may  be  necessary  in  doubtful  cases. 

{d)  Treatment 

Acquired  retroversion  can  best  be  treated  if  it  is  discovered  early,  e.g. 
at  a  routine  postnatal  examination  some  six  weeks  after  confinement, 
but  most  cases  come  under  observation  when  the  displacement  has 
been  present  for  months  or  even  years. 

Treatment  of  cervical  lesion 

If  a  cervical  lesion  is  found  it  should  be  treated  first.  Usually  cervical 
inflammations  yield  to  antiseptic  measures,  e.g.  swabbing  with  a  3  per 
cent  solution  of  trinitrophenol  in  alcohol,  liquefied  phenol,  iodized 
phenol,  a  K)  per  cent  solution  of  silver  nitrate,  a  2  per  cent  solution  of 
mercurochrome,  and  a  1  per  cent  solution  of  acriflavine.  The  treatment, 
which  may  be  carried  out  once  or  twice  a  week,  is  assisted  by  the 
introduction  after  each  swabbing  of  a  tapon  of  ichthammol  (10  per 
cent  in  glycerin)  or  of  iodine  (1  per  cent  in  glycerin)  to  be  removed  in 
12  to  24  hours.  This  treatment  may  be  continued  up  to  six  weeks.  If  the 
case  is  refractory,  diathermy  or  curettage  of  the  affected  area  may  be 
tried.  Excision  or  excision  combined  with  suture  of  a  laceration  may 
be  required.  In  some  cases  the  uterus  resumes  its  normal  position  and 
this  is  followed  by  cure  of  the  cervical  inflammation  and  the  consequent 
recovery  of  tone  in  the  soft  tissues  of  the  pelvis. 

Replacement  of  the  uterus 

Even  when  a  cervical  lesion  is  not  present,  the  uterus  may  be  retro- 
verted  and  may  require  replacement.  The  manoeuvre  may  be  assisted 
by  placing  the  patient  in  Sims’s  position  with  a  cushion  under  the 
buttocks,  or  in  the  knee-chest  position,  because  in  these  attitudes  the 
force  of  gravity  assists  the  efforts  of  the  operator.  Anaesthesia  with 
complete  muscular  relaxation  allows  more  thorough  manipulation  and 
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prS-CtlCSil}*'  S D0.i.iStA^5  t,*.  nrf. u  w-*-— 

ic  press  :re  retrod erted  erga-:  dcr"^::  :rao  :ae  re.:r-u:er:r.e  exra^^aixn. 
Tnerefore  if  the  parent  has  heea  aaaesihatizei  far  aiagacsis  c-r  reaj- 
meiii.  the  epponunity  should  he  tuxea  to  eueo:  rer.areracr..  ja  ...e 

uterus.  ^  ^  .  .r 

The  classical  ntethod  is  to  pa.ss  tuc  augers  :r:o  :re  posterio"  i,t.. 

to  raise  the  fundus  out  of  the  :ectc~u:.r;ne  eoeutution.  ^nu  .c  ^ 

by  the  hand  on  the  abdomen.  Tne  pressure  cl  tnc  .u.ger>  m. 
is  then  transferred  to  the  front  oi  the  oer.  :\.  anu.  tne^hnger^  ^ 

the  cer\ix  backwards  and  pulling  tne  tunous  tonourcs,  tne 

ante  verted.  ^  ^  j 

The  following  method  of  replacement  is  \er\  effective:  tne  pmueir.  .4.. 
is  anaesthetized  and  in  the  dorsa  rosition.  The  :x  gru.jec  vVm 
volseila,  drawn  down  to  the  entrance  o:  tne  vagtna.  anc  tnen  uep.ei!>ww 
and  carried  backwards  into  the  posterior  tornix.  wm.m  >.ue 
vaginal  wall  is  strongly  retracted  with  a  speculum.  Alter  this  manixucre 
complete  reposition  can  be  effected  bimanua^.y.  W  nen  me  uierus  ^an- 
not  be  replaced  under  an  anaesthetic,  it  is  aumest  certain  mat  it  is 
bound  down  by  adhesions.. 


//It? 


'L  A  r’ 

'had 


Pessary  treatment  for  retroversion 

The  pessary  is  definiiely  useful  in  ihe  treatment  of  retroversion,  but 
it  should  not  be  used  indiscriminately.  Improper  use  ot  ii  may  evert 
aggravate  s\Tnptoms;  it  may  cause  pain  by  pressure  ^on  a  tender 
urmeplaced  fundus  or  on  a  prolapsed  ovary  and.  if  the  ceryk  is  inflamed, 
it  may  by  its  presence  in  the  vagina  increase  discharge  and  delay  healing. 

A  pessA  should  not  be  introduced  if  active  infiammation  is  present, 
or  if  the  uterus  has  not  been  or  cannot  be  replaced.  It  is  a  temporary 
expedient  to  support  the  uterus  in  its  normal  position  until  the  soft 
tissues  have  recovered  tone.  It  should  not  be  used  in  cases  of  congenital 
retroversion,  in  which  it  may  produce  leucorrhoea  but  cannot  per¬ 
manently  affect  the  displacement.  ,  r  j-  ■ 

The  type  of  patient  likely  to  benefit  from  wearing  a  pessary'  is  one  who  Indications 

has  not  completely  recovered  from  a  confinemeni,  or  who  from  any 
other  cause  is  flabby  and  has  muscles  lacking  in  tone  and  who  may  be 
reasonably  expected  to  recover  strength  under  appropriate  treatment. 

The  pessary  will  maintain  the  normal  position  of  the  uterus  until  the 
patient’s  soft  tissues  are  in  condition  to  do  so.  ^ 

The  pessary  commonly  used  for  retroversion  is  the  Hodge  or  Hodge-  Tectmque 
Smith.  The  uterus  should  first  be  replaced  and  the  size  of  pessary  suit¬ 
able  estimated  by  measuring  with  the  finger  the  length  of  the  vagina.  It 
is  better  to  select  for  a  first  trial  a  pessary  too  small  rather  than  one  too 
large.  Introduction  is  effected  with  the  plane  of  the  pessary,  narrow  end 
first,  in  the  oblique  diameter  of  the  vaginal  orifice,  so  that  the  anterior 
bar  lies  to  one  side  of  the  sensitive  urethral  orifice.  If  there  is  difficulty 
in  introduction,  more  room  can  be  gained  by  depressing  the  perineum. 

When  the  instrument  has  passed  into  the  vagina,  the  forefinger  folows 
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it  up  and  carries  the  inner  end  up  behind  the  cervnt.  A  bimanual 
examination  is  then  made  to  ensure  that  the  uterus  is  anteverted.  If 
the  pessary  fits  correctly,  there  should  be  just  room  for  the  forefinger 
between  it  and  the  back  of  the  symphysis  pubis,  it  should  not  be  dis¬ 
placed  on  coughing  or  straining,  and  the  patient  should  feel  comfortable 
The  patient  should  be  kept  under  observation  for  the  first  month  to 
make  sure  that  her  uterus  is  maintained  in  anteversion  She  should  use 
a  vaginal  douche  twice  or  thrice  a  week.  A  solution  of  sal  antisepticus 
or  dettol  considerably  diluted  is  suitable.  At  the  end  of  six  months  the 
pessary  may  be  removed,  and  the  patient  should  be  examined  a  month  ■ 
later  to  see  if  the  uterus  remains  in  position. 

Operative  treatment 

Operation  for  retroversion  is  not  so  common  as  it  was  some  years 
ago  gynaecologists  now  considering  that  a  retroversion  without 
symptoms  does  not  indicate  operation,  and  that  when  symptoms  are 
present  they  should  be  logically  presumed  to  be  due  to  the  displaceinent 
Lfore  an  operation  is  recommended.  When,  however,  treatment  as 
already  outlined  has  proved  ineffectual,  the  question  of  operation  must 
arise.  It  must  also  be  faced  when  the  uterus  is  irreplaceable  or  the 
ovaries  are  prolapsed  and  tender,  when  there  is  evidence  of  pelvic 
inflammation  or  of  endometriosis,  or  a  history  of  repeated  abortions 
The  operation  usually  practised  is  that  known  as  Gilliam  s  or  one  of 
its  many  modifications.  The  guiding  principle  of  ^ 

use  the  round  ligaments  as  nding-cables  attaching  the  fundus 
anterior  abdominal  wall. 

The  techniaue  as  originally  described  is  as  follows.  After  the  abdomen  has 
been  opened,  a  puncture  wound  is  made  through  the  rectus 
Ssckand  WLeum  on  either  side  about  11  to  2  inches  from  the  middle 
line  and  about  2  inches  above  the  symphysis;  forceps 
wound;  the  slack  of  the  round  ligament  is  seized  and  drawn  through 
fixed  in  front  of  the  rectus  sheath  so  that  the  fundus  is  held  m  anteversion. 

Various  modifications  since  introduced  concern  details  of  technique 
but  the  principle  of  the  operation  remains  the  same.  One  of  its  grea 
advantages  is  that  it  in  no  way  interferes  with  the  course  of  a  subsequent 
pregnancy.  Many  other  operations,  most  of  them  now  of  histone 
interest  only,  have  been  devised  for  the  cure  of  retroversion.  Ventral 
suspension  gave  the  uterus  a  fundal  ligament  by  stitching  the  fundus 
to  S  peritoneum  ot  the  anterior  abdominal  mil.  Ventto!  totton 
incorporated  the  fundus  in  the  anterior  abdominal  wall  by  fixing  i 
between  the  recti  muscles  and  was  used  mainly  in  the  treatmen  o 
prolapse  in  women  past  the  menopause.  Vaginal  fixation  was  and  stifi 
is  sometimes  used  in  the  same  type  of  case.  An  mcision  is  made  through 
the  anterior  fornix,  the  bladder  separated  from  the  anterior  vaginal 
wall,  the  vesico-uterine  reflexion  of  peritoneum  opened,  and  the  tun  us 
brought  forwards  and  interposed  between  the  base  of  the  bladder  an 
the  vagina.  The  Alexander-Adams  operation  utihzed  the  round  hga- 
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n’.er.ts  but  deL:  .vitb  :her.  v,  itbcu:  cperdr.^  :he  abd.-.-.er..  The  ir.zalna: 

canals  vvere  C'pencG  cn  cica  >:ae  ana  :nc  rc-n^- 

palled  foTsvards  bC  a>  tc  brnic  tnc  ^^^ncas  mar  antc.crb-mr.  an^  med 

in  that  position. 

Operation  for  b’aspension  of  a  rctro^erteO  atcras  preccoec 

by  operatne  treatrnen:  of  any  disease  or  iroam  of  the  cerdx  and,  !n 
cases  of  prolapse,  by  a  colpopenneorrnapa^ .  It  naaj  be  0000^1507} 
supplement  doe  operation  b}  shortenina  ot  ipe  suspense tj  oaantems 
of  the  ovaries  to  relieve  prolapse,  possm.}  b}  resection  ot  toe  otane^, 

and  by  an  appendiceciont}. 

Before  recommending  operation  it  should  ce  norne  in  nunc  tnai  ct^n; 
a  woman  with  a  retrot erteC  uterus  leads  a  nornnaK  se\,*a.  ,ue.  Dea.> 
children  and  rea*whes  the  menonause  without  uncue  cisccmtort. 


(3)_Effect  of  RetroYersioa  ob  Pregnancy 
Pregnancy  occurs  in  a  retrcveried  uterus  probably  almost  as  readily  as 
in  one  more  normally  placed. 

ia)  Spoiamteoiis  Reviificanon 

The  gestation  often  runs  a  normal  course:  tee  lunaus  at  acout  tne 
twelfth  to  the  sixieentn  week  rises  out  of  me  pei\is  and  reaches  nS 
normal  position  at  the  pelvic  burn.  This  rectification  mav  occur  sud¬ 
denly  in  the  interval  between  two  examinations.  It  ma\'  be  encouragec 
by  directing  the  patient  to  assume  the  knee-elbow  position  tor  live 
rninuies  on  goins  to  bed  and  3£sin  oo  rising  in  the  ntorning. 

{b}  Replacement 

When  an  early  pregnancy  has  been  diagnosed  in  a  retroverted  uterus, 
the  patient  should  be  -svarned  of  the  risks  of  the  condition  and^  kept 
under  close  observation  during  the  critical  period  from  the  twelfth  to 
the  sixteenth  week.  If  rectification  has  not  taken  place  spontaneously 
by  the  end  of  the  fourteenth  week,  an  attempt  at  manual  replacement  Replacement 
should  be  made  with  the  patient  in  Sims's  position  or  in  the  knee-chest 
position.  Replacement  is  much  more  easily  eifected  it  the  patient  is 
anaesthetized.  It  may  be  impossibie  owing  to  adhesions  binding  down 
the  fundus,  and  an  abdominal  operation  may  then  be  required. 


(c)  Persistent  Retroversion 

The  retroverted  gravid  uterus  which  remains  in  its  abnormal  position 
is  a  w'ell  known  clinical  entity  and  causes  unfortunate  complications 

as  pregnancy  advances. 


(i)  Abortion 

The  coincidence  of  a  retroversion  with  abortion  about  the  twelfth 
to  the  sixteenth'  week  is  so  well  established  as  a  clinical  observation 
that  it  is  difficult  to  deny  a  causal  connexion  between  them.  If  the  case 
is  seen  in  the  stage  of  ‘threatened  abortion’  with  slight  loss  and  without 
pains,  an  attempt  should  be  made,  if  necessary  under  an  anaesthetic, 
to  replace  the  uterus,  and  the  patient  should  then  be  put  to  bed  and 
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s';“  :s  aloZ'ot 

out  and  the  retroversion  treated  subsequen  > . 

.e  .a.. 

excavalic,  Iha  gro,*  of  vagiaal  wall. 

r!i.rc«vLm.r“«  forwards  and  rrip  the  atethra  .gai«  the  back 

of  the  symphysis.  _  +,„;tirvn  lefldin<^  very  shortly  to  com- 

There  is  of  ah  aldorhinal 

frortHstended  bladder,  which  SS'^rha^e 

r-rr  :  rne— "has^lauaed  » 

Of  the  bladder  muj-osa  _  ^  j  may  cause  momentary 

Dia^os.s.st,.td.fh™lDT^^^^^^^  dhd  a  vagiaal  examiaation 

hesitation,  ^  passage  of  a  catheter  clinches  the  diagnosis. 

'cSi:S°aton“iot  alway^s  eaay,  because  the  urethral  otihce  is  often 

drawn  up  behiad  the  "^pfln  bTand  catheterized 

These  patients  are  sard  to  to  7>  “  to  replace  the  nterus, 

regularly.  I  prefer,  after  A  pes  ary  L  inserted  »«“ 

if  necessary  under  an  I  „„„  seen  a  replaced 

Sry  rtsToi  sSg  Zgai.  into  retroversion,  and  every 

day  of  the  pregnancy  lessens  the  possibdtty  of  its  doing  . 

oneration  some  years  before  for  retroversion. 


2.-ANTEFLEXION 

qtrictlv  sneaking  this  is  not  a  displacement  but  rather  an 
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Cith  ar.  anderdc-. eloped  cervA-:ae 
s  due  to  failure  of  the  uterus  to  ce'  e.op^' 
rot  cause  any  sempionts  or  rta:-  re  U’.sjo'ere- 
ef  a  patient  with  dssr.tencrrhoe 


rus".  The  condition 
i^rinc  e\orninat:en 


^Cochleais 

uterus^ 


The  diagnosis  car 


es- 


CU  V  1 


andmaybefo'loueuirnncediate  }  n,* 

sea-tangle  tent*  The  passage 

os  may  need  some  search.  An  injudicious  - 

push  the  dilator  through  the  uterine  w  all  at  tne  ar  g.e.  .pPpl'C ' 

give  some  trouble  in  removal.  Tr.e>  are^.i^u  a  <xY'. 

and  the  grip  may  not  relax  for  two  cr  three  ua;.s.  Pttg’l 

retained  for  that  time.  Only  a  gert.e  ^'0,00  00^  jj 

them;  a  first  trial  may  be  made  alter  to  trCtislon  of 

used,  the  lower  end  or  tne  tent  may  be  bro.ve..  o...  fiC  VC 
the  cervix  may  then  be  required  to  rente  *e  tiie  po. 


C  Pijgwsls 


3.-OTHER  DISPLACEMENTS 

1584.]  That  common  and  important  form  of  '^^^placement,^  descent  Pro^-^pse 
of  the  uterus  or  prolapse,  is  dealt  with  on  page^4uo. 
be  mentioned  certain  displacements  due  to  the  pushing  or  .  "  -  p'  = 

of  a  very  mobile  organ  from  its  ordinary  position  oy  a  ^amb^  o* 
forces,  some  physiological,  some  pathological.^^  The  cause  u.  these 
conditions  is  much  more  important  than  the  effect. 

^TtofSe  uterus  mav  be  raised  into  the  abdominal  cavity  (ascent)  by 
its  own  enlargement  (pregnancy  or  fibroid),  by  a 
an  ovarian  cyst,  to  which  it  is  adherent,  or  it  may  be  pushed  up  by  a 
tumour  from  below',  as  happens  in  the  development  of  a  haematocolpos 
due  to  an  imperforate  hymen. 

(2) — ^Lateral  Displacement 

This  mav  occur  owing  to  the  push  of  a  tumour  or  of  an  inflarnmatoD 
mass  or  may  follow  the  formation  of  cicatricial  tissue  after  the  sub¬ 
sidence  of  a  pelvic  inflammation. 

^?tohaTbeen  veD'  rarely  reported.  The  organ  is  usually  the  seat  of 
a  tumour,  and  a  hysterectomy  would  seem  to  be  indicated. 
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l.-DEFINITION 

1585.]  Used  correctly,  the  term  prolapse  of  the  uterus  means  descent 
of  the  uterus  but  in  common  practice  it  is  synonymous  with  ‘genital 
prolapse’  and  includes  cystocele,  rectocele,  and  stress  incontinence  as 
well  as  true  prolapsus  uteri.  These  four  conditions  are  all  parts  of  genital 
prolapse;  they  are  due  to  the  same  causes,  are  cured  in  the  same  way  and, 
although  in  any  case  one  may  be  more  marked  than  the  others,  one 
rarely,  if  ever,  occurs  without  at  least  one  of  the  others. 


2.-AETIOLOGY 


Amtomical 

features 

Pelvic  floor 


Parametrium 


It  is  now  generally  accepted  that  the  female  pelvic  organs  are  main¬ 
tained  in  position  by  the  pelvic  floor.  A  plane  of  muscular  and  connect¬ 
ive  tissue  forms  a  concave  floor  to  the  pelvis,  stretching  from  its  pelvic 
attachments  in  well  defined  bundles  and  perforated  in  the  middle  line 
by  the  urethra,  vagina,  and  rectum,  along  each  of  which  it  is  prolonged 
and  attached.  In  the  bottom  of  this  depression  is  a  mass  of  connective 
tissue  and  unstriped  muscle,  the  parametrium,  collected  chiefly  around 
the  upper  part  of  the  vagina  and  cervix,  but  extending  forwards  in  the 
uterovesical  folds  to  support  the  bladder  and  anterior  vaginal  wall  and 
backwards  in  the  uterosacral  ligaments  to  support  the  rectum  and 
posterior  vaginal  wall.  This  combination  of  pelvic  muscle  and  para¬ 
metrium  constitutes  the  pelvic  floor. 
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That  the  pelvic  floor  is  the  sole  support  of  the  uterus  is  shown  by  every 
panhysterectomy.  Cutting  the  broad  and  round  ligaments  does  not 
increase  the  mobility  of  the  uterus  but  as  soon  as  this  tissue  around  and 
below  the  uterine  artery  is  severed  the  uterus  can  be  moved  a  consider¬ 
able  distance.  This  tissue  suspends  the  uterus  and  supports  the  bladder,  Causes  of 
rectum,  and  vaginal  walls,  and  these  structures  can  descend  only  w^hen  p^^iyfclrgam 
the  pelvic  floor  is  overstretched,  torn,  or  otherwise  weakened.  The 
descent  may  be  hastened  by  other  factors  such  as  increased  abdominal 
pressure  from  chronic  coughing,  tumours,  heavy  work,  increased  weight 
of  the  uterus  from  fibroids  or  subinvolution,  or  increased  weight  of  the 
cervix  from  fibroids  or  chronic  cervicitis. 

Parturition  is  the  commonest  cause  of  weakness  of  the  pelvic  floor,  and 
genital  prolapse  therefore  occurs  most  often  in  parous  women;  in  a  small  pehic  floor 
percentage  of  cases  it  occurs  in  nulliparae  as  the  result  of  some  develop¬ 
mental  weakness  of  the  pelvic  floor  on  which  is  superimposed  one  of  the 
secondary  causes,  generally  hard  physical  work.  For  this  reason  pro¬ 
lapse  in  virgins  is  commoner  in  the  industrial  north  of  England,  where 
girls  do  heavy  work  in  the  mills,  than  in  the  south. 


3.-CLINIC.AL  PICTURE 

The  patient  complains  of  a  'bearing  down’,  or  that  ‘something  comes 
outside  or  into  the  passage’,  or  that  ‘water  comes  away  when  she  strains 
or  stoops’,  or  that  she  has  ‘aching  pain  in  the  lower  abdomen  or  back 
when  she  works’,  or  that  ‘a  lump  comes  down  when  she  strains  at  stool’. 

Examination  shows  either  the  whole  uterus  outside  with  the  vaginal  Types  of 
walls  completely  everted — procidentia;  bulging  of  the  anterior  vaginal 
wall  on  straining — cystocele,  though  this  term  is  only  strictly  correct  if 
the  bladder  wall  is  attached  to  this  bulging  vaginal  wall;  spurts  of  urine 
when  the  patient  strains — stress  incontinence;  bulging  of  the  posterior 
vaginal  wall  on  straining — rectocele,  though  this  term,  also,  is  correct 
only  if  the  rectal  wall  is  adherent  to  the  bulging  vaginal  wall;  or  descent 
of  the  cervix  on  straining — prolapse  of  the  uterus. 


4-TREATMENT 

As  every  case  can  be  cured  by  operation,  palliative  treatment  by  means  Methods  of 
of  pessaries  is  justifiable  only  (i)  when  the  patient’s  general  condi- 
tion  will  not  allow  any  operation,  or  (ii)  when  the  patient  is  young 
and  intends  to  have  further  children  in  the  near  future.  Age  alone  is 
no  contra-indication  to  operation.  I  often  perform  colporrhaphies  on 
women  over  70  years  of  age.  Even  if  a  pessary  makes  the  patients 
comfortable  at  first,  increasing  senile  atrophy  renders  this  more  and 
more  difficult  and  many  women  come  to  be  cured  by  operation  after 
many  years  of  only  partial  relief  from  a  pessary  with  its  attendant 
discomforts. 
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Effect  of 
operation  on 
future 
pregnancies 


Treatment  of 
old  women 


Coiporrhapliy  does  aot  increase  the  difficulties  or  dangers  of  sub¬ 
sequent  confinements,  rather  the  reverse,  but  the  prolapse  recurs  in 
about  25  per  cent  of  cases.  In  the  case  of  a  young  woman,  who  intends 
to  have  more  children  in  the  near  future,  it  is  therefore  justifiable  to 
insert  a  well  fitting  rubber-covered  watch-spring  pessary  and  defer 
operation  until  she  has  completed  her  family.  Many  of  these  patients 
however,  dislike  pessaries  and  find  the  symptoms  so  much  ^creased 
during  pregnancy,  even  if  they  are  comfortable  at  other  times,  tba^hey 
prefer  the  certainty  of  comfort  which  an  operation  gives  even  with  the 
risk  that  it  may  have  to  be  repeated  after  another  confinement. 

Old  women,  physically  unfit  for  operation,  may  be  made  comfortable 
with  a  rubber-covered  watch-spring  pessary  or  may  require  some  form 
of  cup-and-stem  pessary  supported  by  a  waist-belt.  Pessaries  are  at  their 
best  unsatisfactory  and  should  rarely,  if  ever,  be  required  as  the  unfit 
patient  should  have  had  the  genital  prolapse  cured  when  she  was  in  good 
physical  condition. 

Operations  devised  for  the  cure  of  this  condition  are  legion  and  the 
literature  has  reached  colossal  proportions.  Those  most  commonly 
performed  can  be  divided  into  five  classes:  (i)  abdominal  fixation  with 
or  without  colporrhaphy;  (ii)  hysterectomy;  (iii)  vaginal  interpositions; 
(iv)  Le  Fort’s  operation;  and  (v)  colporrhaphy. 

Abdominal  fixation  by  itself  is  useless  in  the  treatment  of  genital  pro¬ 
lapse  and  it  is  very  rarely  necessary  to  combine  it  with  a  colporrhaphy  if 
the  colporrhaphy  is  properly  performed.  Very  occasionally  a  patient  has 
so  little  pelvic  tissue  that  it  is  necessary  to  fix  the  uterus  to  the  abdominal 
wall  as  well  as  to  do  an  extensive  colporrhaphy.  I  have  found  this 
combination  necessary  on  only  three  occasions  in  the  last  seven  years. 

In  a  large  percentage  of  cases  of  genital  prolapse  the  uterus  is  retro- 
flexed.  During  the  operation  the  uterus  is  replaced  and  usually  remains 
in  this  position  if  the  deep  pelvic  tissues  are  properly  sutured.  In  some 
cases,  however,  the  uterus  will  not  remain  in  an  anteflexed  position  and 
some  operators  consider  it  necessary  to  secure  this  by  the  performance 
of  an  abdominal  operation  in  addition  to  the  colporrhaphy.  If  the 
operator  regards  retroflexion  as  a  morbid  condition  which  must  always 
be  rectified,  he  will  often  combine  the  operations.  If,  on  the  other  hand, 
he  holds  the  modem  view  that  an  uncomplicated  retroflexion  rarely 
produces  symptoms,  he  will  reserve  this  combined  operation  for  a  few 
cases  in  which  he  feels  convinced  that  the  retroflexion  is  producing 
symptoms  quite  apart  from  those  due  to  the  genital  prolapse.  In  either 
event  these  are  two  separate  operations,  done  for  separate  conditions, 
and  the  abdominal  operation  is  not  part  of  the  cure  of  genital  prolapse. 

Hysterectomy  Hysterectomy  is  not  a  cure  for  prolapse  and  the  most  difficult  case  to 
cure  is  prolapse  of  the  vaginal  walls  when  the  uterus  has  already  been 
removed.  A  vaginal  hysterectomy  can  be  combined  with  a  colporrhaphy 
(Mayo’s  operation),  but  these  are  two  separate  operations  performed  at 
the  same  time  and  the  hysterectomy  is  for  some  condition  of  the  uterus 
which  requires  its  removal.  In  these  cases  special  care  must  be  taken  in 
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suturing  the  pelvic  floor,  even  more  than  when  a  colporrhaphy  alone  is 

‘’Th°™Mposition  operation  is  still  performed  in  some  sctools,  especi- 

ally  in  America  and  on  the  Continent,  where  it  is  known  by  the  name  of 
Watkin,  Schauter,  or  Wertheim.  In  this  operation  the  bladder  is  separ¬ 
ated  from  the  uterus,  the  uterovesical  pouch  of  peritoneum  opened,  and 
the  body  of  the  uterus  brought  through  the  opening  and  sumred  to  e 
vaginal  muscle.  It  must  never  be  performed  on  an  unsterilized  woman 
before  the  menopause  and  is  therefore  usually  reserved  for  elderly 
women.  As  prolapse  in  old  women  can  be  cured  by  the  tess  severe 
operation  of  colporrhaphy  I  have  never  seen  a  case  m  which  an  inter- 

^In  Le  ForfToperation  a^ongitudinal  strip  is  dissected  from  both  the  Lejort^s^ 
anterior  and  posterior  vaginal  walls  and  when  the  edges  of  these  are 
sutured  the  vagina  is  divided  into  two  tubes  with  the  uterus  supported 
by  the  median  raphe.  In  some  schools  this  operation  is  still  occasionally 
used  for  old  women  with  poor  pelvic  tissue. 

Colporrhaphy  _  j  r 

Colporrhaphy  is  becoming  more  and  more  the  universal  method  ot 
treating  all  cases  of  genital  prolapse.  In  some  schools  different  operations 
are  used  for  different  circumstances,  especially  for  patients  of  differe 
ages.  This  is  unnecessary  as  colporrhaphy  will  cure  practically  ev^ry 
patient,  young  or  old,  parous  or  nulliparous,  provided  she  has  any  pelvic 
floor  to  be  sutured.  This  does  not  mean  that  all  colporrhaphies  are  alike. 
each  one  differs  from  the  others  according  to  the  needs  of  the  case.  The 
incision  may  be  wider  in  one  and  higher  in  another,  and  several  layers 
of  deep  suturing  may  be  necessary  in  another,  and  only  experience  can 
guide  the  operator.  All,  however,  conform  to  one  general  principle, 
namely,  rawing  of  the  anterior  and  posterior  vaginal  walls  with  suturing 
of  the  deep  pelvic  tissues  so  as  to  strengthen  and  shorten  the  pelvic  floor, 

and  amputation  of  the  cervix.  . 

Colporrhaphy  was  first  performed  by  Donald  of  Manchester  m  1888 
and  has  been  used  continuously  in  that  centre  from  that  date.  Later  operation 
it  was  somewhat  modified  by  FothergiU  and  so  is  commonly  known 
as  the  Donald-Fothergillor  the  Manchester  operation.  The  following 
description  of  the  operation  follows  in  detail  my  own  method  which, 
in  general  principle,  is  that  devised  by  Donald,  modified  in  some  details 

bv  FothergiU,  and  again  by  myself.  ^ 

Two  complications  are  definite  contra-inycations  to  o^ra  tom 
Cystitis  even  if  the  patient  has  almost  recovered  from  the  attack,  will  be 
lit  up  again  and  may  lead  to  pyelitis.  I  have  lost  two  patients  in  this  way 
and  now  never  operate  in  the  presence  of  bladder  infection.  Ulceraffon 
of  the  cervix  is  common  in  procidentia.  The  ulcer  is  always  septic  and  an 
operation  in  this  stage  is  liable  to  be  followed  by  serious  sepsis  m  the 
wound.  I  have  seen  a  fatal  case  and  one  of  general  pyaemia,  and  m  the 
presence  of  this  complication  also  I  never  operate.  These  ulcers  wi 
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alwa^^s  heal  in  three  weeks  or  less  if  the  patient  will  remain  in  bed, 
replace  the  cervix  whenever  it  comes  down,  and  douche  twice  daily, 
once  with  boric  acid  and  once  with  alum,  using  one  teaspoonM  to  the 
pint  of  warm  water. 

Preparation  for  operation 

The  vagina  should  be  douched  with  an  antiseptic  lotion  the  day  before 
the  operation  and  the  rectum  emptied  by  an  enema  on  the  morning  of 
the  operation.  When  the  patient  is  on  the  table  the  vagina  and  vulva 
should  be  swabbed  with  70  per  cent  alcohol  and  2*5  per  cent  solution  of 
iodine  in  alcohol. 

Technique 

The  patient  is  placed  on  the  table  in  the  lithotomy  position,  the  vulva 
shaved,  and  this  and  the  vagina  are  thoroughly  cleansed  with  surgical  spirit 
and  solution  of  iodine.  The  cervix  is  then  grasped  with  the  volsellum  and 
the  canal  dilated.  Dilatation  is  necessary,  as  at  a  later  stage  sutures  have  to 
be  inserted  through  the  cervical  mucosa.  I  always  curette  the  uterus,  to  make 
quite  sure  that  there  is  nothing  abnormal  in  its  interior. 

The  shortest  and  clearest  method  of  description  is  to  follow  the  illustrations. 
Fig.  36,  shows  the  method  of  stitching  back  the  labia  minora.  A  sterile  towel 
with  an  opening  somewhat  larger  than  the  vulva  is  placed  over  the  patient, 
a  weighted  speculum  inserted  into  the  vagina,  and  a  stitch  inserted  through 
the  towel  and  subjacent  skin  of  the  buttock  and  then  through  the  labium 
minus.  When  this  is  done  on  both  sides,  the  labia  are  drawn  well  away  from 
the  vagina  and  so  give  a  good  view  of  the  Md  of  operation  and  present  a 
smooth  surface  which  is  more  easily  sterilized.  This  illustration  shows  the  left 
labium  minus  stitched  to  the  buttock. 

Fig.  36,  b  shows  both  labia  minora  stitched  outwards.  The  cervix  is  grasped 
with  a  volsellum,  pulled  downward  as  far  as  possible  and  dilated,  and  the 
uterus  curetted.  A  pair  of  Spencer  Wells  forceps  grasps  the  vaginal  mucosa 
on  each  side  of  the  cervix,  as  far  apart  as  it  is  judged  necessary  to  make  the 
base  of  the  denuded  area.  This  is  a  matter  of  experience  and  can  only  be 
judged  correctly  with  practice.  A  triangular  area  is  then  marked  out  with  the 
scalpel  with  its  base  near  the  cervix  and  its  apex  below  the  urethra,  but  the 
sides  of  the  triangle  are  not  quite  straight  as  it  is  necessary  to  have  the  denuded 
area  a  little  wider  in  the  centre  of  the  vagina  than  at  the  base.  In  a  complete 
procidentia  it  is  possible  to  mark  out  the  whole  triangle  before  separating 
any  of  the  mucosa,  but  in  cases  of  partial  prolapse  it  is  best  first  to  mark 
out  the  lower  portion  and  dissect  this  from  the  subjacent  tissues;  during  this 
process  the  folds  in  the  remaining  portion  of  the  vagina  are  smoothed  out, 
and  the  outline  of  the  triangle  can  be  more  easily  completed.  In  practice,  the 
base  of  the  triangle  is  usually  made  somewhat  wider  than  in  this  drawing. 
Fig.  36,  c  shows  the  dissection  of  the  vaginal  mucosa  from  below  upward.  In 
a  case  of  complete  procidentia  it  is  possible  to  begin  the  dissection  from 
the  urethra  downwards,  but  in  cases  of  partial  prolapse  it  is  much  easier  to 
begin  at  the  base  of  the  triangle  near  the  cervix,  and  so  I  prefer  to  make  this 
a  routine  practice  in  all  cases. 

Fig.  36,  d  shows  the  triangular  area  denuded  of  mucous  membrane.  The  few 
fibres  of  muscle  and  connective  tissue  which  fix  the  bladder  to  the  cervix  have 
been  cut  and  this  organ  has  been  dissected  up  from  the  cervix.  This  exposes 
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the  muscular  tissue  and  parametrium  at  tlie  base  of  each  broad  ligament,  and 
with,  a  needle  it  is  possible  to  encircle  a  mass  of  this  tissue  on  each  side.  This 
sketch  shows  two  sutures  inserted,  each  of  which  includes  a  portion  of  this 
tissue  on  both  sides.  When  these  sutures  are  tied,  this  tissue  from  each  side  will 
be  drawn  to  the  front  of  the  cervix,  and  therefore  this  portion  of  the  pelvic 
floor  will  be  shortened  by  this  amount.  The  ligatures  are  not  tied  at  this 
stage,  but  it,  is  convenient  to  insert  them  while  the  tissues  are  visible.  In  most 
cases'  the  suturing  of  this  material  in  front  of  the  cervix  is  sufficient  to  keep 
the  uterus  anteflexed,  even  though  it  was  previously  retroflexed,  but  in  a  few 
cases  in  which  the  uterus  is  very  heavy  these  sutures  transfix  a  small  portion 
of  the  anterior  wall  of  the  uterus  and  so  keep  this  organ  in  the  anteflexed 
position  while  the  healing  process  takes  place. 

Fig.  36,  e  shows  the  cervix  drawn  forward  to  show  part  of  the  posterior  sur¬ 
face.  An  incision  is  made  through  the  vaginal  mucosa  from  one  pair  of  Spencer 
Wells  forceps  round  the  back  of  the  cervix  to  the  pair  of  Spencer  Wells 
forceps  on  the  other  side,  and  the  mucosa  is  stripped  from  the  cervix  for  a 
distance  varying  with  the  amount  of  cervix  which  requires  amputation. 

Fig.  3  6, /shows  the  cervix  still  grasped  with  the  volsellum.  The  vaginal  mucosa 
has  been  dissected  from  the  cervix  and  the  scalpel  is  shown  in  position,  ready 
to  amputate  the  denuded  portion  of  the  cervix. 

In  Fig.  36,  g  a  portion  of  the  cervix  has  been  amputated.  Sutures  are  now 
inserted  through  the  cervix  and  the  vaginal  mucosa,  and  when  these  are  tied 
the  edge  of  the  vaginal  tissue  will  be  brought  into  contact  with  the  cervical 
mucosa. 

Fig.  36,  h  shows  a  later  stage  with  a  few  of  the  sutures  tied.  Finally  a  suture  is 
passed  through  one  angle  of  the  mucosa,  transfixes  the  centre  of  the  anterior 
wall  of  the  cervix,  and  lastly  the  other  angle  of  the  mucosa,  and  when  these 
and  a  few  intermediate  sutures  are  tied  the  external  os  is  completed. 

Fig.  37,  a  shows  the  external  os  completed.  Instead  of  a  triangle,  the  denuded 
area  is  now  oval,  as  the  angles  at  the  base  have  been  brought  together  at 
the  centre  of  the  external  os.  By  means  of  a  continuous  suture  the  cut  edges 
of  the  mucosa  are  brought  together  up  to  the  level  of  the  insertion  of  the  two 
deep  sutures.  At  this  stage  the  uterus  should  be  examined,  and  if  it  is  retro- 
flexed  the  body  should  be  replaced.  The  two  deep  sutures  which  in  Fig.  36,  d 
are  placed  around  the  musculature  at  the  base  of  each  broad  ligament  are 
now  tied,  and  if  a  ligature  has  been  left  on  the  cervix  it  will  be  found  that 
no  reasonable  amount  of  traction  will  now  pull  the  cervix  down,  as  the  deep 
sutures  shortening  and  tightening  this  part  of  the  pelvic  floor  prevent  any 
farther  descent  of  this  organ. 

Fig.  31  „b  shows  the  two  deep  sutures  tied  and  others  inserted  in  the  deep 
tissues  at  the  base  of  the  bladder.  These  additional  sutures  should  always 
be  inserted  and  are  especially  important  in  patients  with  incontinence  of 
urine. 

Fig.  37,0  shows  these  deep  sutures  tied  and  a  continuous  suture  inserted 
in  the  vaginal  mucosa  to  complete  the  closure  of  the  original  incision. 

Fig.  31,  d  shows  the  completion  of  this  stage  of  the  operation. 

Fig.  37,  e  shows  the  method  of  marking  out  the  flaps  of  the  posterior  colpor- 
rhaphy.  The  redundant  tissue  in  the  posterior  fornix  near  the  cervix  is  grasped 
by  a  pair  of  forceps,  and  when  this  is  pulled  forward  the  tissue  falls  roughly 
into  a  triangle,  with  its  base  on  the  perineum,  but  it  is  usually  necessary  to 
make  the  centre  of  the  triangle  as  wide  or  almost  as  wide  as  the  base,  and 
this  portion  is  marked  out  on  each  side  by  a  pair  of  forceps,  while  the  angle 
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0.  tte  p.,™™  is  »  each 

rii^^s  r.^:ru:.£;  -he 

do»-n  to  'J''  of  vaginal  mucosa  dissected  tram  the  subjacent 

stretch  and  will  bring  forward  the  rectum  as  a  recurrent  rectocele. 

Vi<r  37  h  shows  the  continuous  suture  drawing  together  the  upper  e<i=,es  of 
the  triaiic  in^  this  is  usually  completed  before  the  rema,x^^r 

of  the  trranWe  is  dissected  away.  This  sketch  shows  the  completion  of  h 
disLon  wk  a  pair  of  scissors  cutting  away  the 

It  also  shows  the  rectum  separated  from  the  vagma,  and  on  each  side  toi^ 
of  inuscular  tissue  which  must  be  brought  together  by  means  of  deep  sutoes. 

If  the  posterior  colporrhaphy  is  carried  sufficiently  high  ^^®  ttPPer  Potion  o 
this  macular  tissue  is  part  of  the  pelvic  floor  rurming  at  the  base  of  the 
SroTS  ligaments  and  the  tissue  a  Uttle  lower  represents  the  levator  am 
mnscles.  The  most  important  part  of  the  posterior  colporrhaphy  is  the 
suturin'^  together  of  these  deep  layers  of  muscular  tissue. 

F^S  “shows  the  upper  portion  of  the  edges  of  the  triangle  drawn  together 
by  a  conttaous  suture  and  also  a  few  sutures  inserted  into  the  deep  muscles, 
to  at  Snhal  area  tte  rectum  can  still  be  seen  but  this  space  will  now  be 
closed  hv  other  deep  sutures  inserted  into  the  muscle.  ,  •  t 

Fig  38^fe  shows  toe  completion  ofthesuturingof  the  long  sides  of  the  tria.ngle. 

Tffit  aSes  at  the  base  of  this  triangle  are  brought  together  at  what  will  be 
S  cSe  of  the  new  vulval  outlet.  As  the  vaginal  edges  are  sutoed  successive 
layers  of  deep  muscle  are  folded  together,  and  these  are  bound  &mly  together 
by  means  of  deep  sutures,  usually  in  three  different  layers,  to  this  sketch  the 
vival  outlet  is  completed,  one  layer  of  sutures  in  the  deep  muscle  is  shown 
with  the  sutures  tied  and  another  layer  inserted  ready  for  tying, 
to  Fig.  38,  c  the  edges  of  the  skin  on  the  perineum  are  brought  together  by 
a  continuous  subcuticular  suture.  The  labia  minora  are  still  sutured  to  the 

Fm  38  d  shows  the  completion  of  the  operation.  The  suturp  holdmg  the 
labk  mtoora  have  been  cut  and  the  edges  of  the  skin  of  the  permeum  brought 

'^oughout  the  operation  nothing  but  catgut  is  used  as  a  suture  material 
and  so  there  are  no  stitches  to  be  removed  during  convalescence.  The  most 
important  part  of  the  operation  both  in  the  anterior  and  the  pofrior  col¬ 
porrhaphy  is  the  suturing  of  the  deep  muscle,  as  this  shortens  and  strengthens 
the  whole  of  the  pelvic  floor,  the  tissue  which  alone  keeps  the  uterus  m  position. 
The  excision  of  the  vaginal  mucosa  merely  removes  tissue  which  otherwise 
would  be  redundant  and  gives  access  to  the  deep  musculature,  and  the 
suturing  of  this  vaginal  mucosa  is  done  only  with  a  continuous  suture  and 
merely  to  promote  quick  healing  and  to  control  the  oozing.  TWs  tissue  itself 
is  of  no  value  in  keeping  the  uterus  in  position,  and  if  ffie  pelvic  musculature 
is  not  firmly  sutured  the  prolapse  of  the  uterus  will  quickly  recur. 
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Fig.  38. — For  explanation  see  text 
After-treatment  and  treatment  of  complications 

There  should  be  as  little  interference  as  possible  with  the  operation  site. 
At  the  end  of  the  operation  the  vagina  is  lightly  packed  with  gauze 
dipped  in  bismuth,  iodoform,  and  paraffin  paste;  this  limits  oozing  and 
keeps  the  vaginal  walls  separated  and  the  B.I.P.P.  prevents  the  gauze 
from  damaging  the  vaginal  tissue.  The  gauze  is  removed  in  twenty-four 
hours.  A  sterile  dry  pad  is  kept  over  the  perineum,  which  is  kept  as  dry 
as  possible  during  the  healing  process.  After  micturition  and  defaecation 
the  parts  are  gently  swabbed  with  surgical  spirit  to  keep  them  clean  and 
dry.  The  bowels  should  be  moved  on  the  third  day,  liquid  paraffin  and 
liquid  extract  of  cascara  sagrada  being  the  aperient  generally  used  as  it 
gives  a  soft  motion.  If  the  perineum  is  healed  the  patient  can  get  up  at 
the  end  of  a  fortnight,  but  in  many  cases  a  few  days  longer  are  required. 
Most  important  of  all,  the  patient  must  avoid  any  strain  on  the  pelvic 
muscles  for  three  months  as  the  tissues  can  be  stretched  during  this  time. 
During  this  period  she  must  not  stand  for  long,  play  games,  or  increase 
intra-abdominal  pressure  by  use  of  her  abdominal  muscles. 

Retention  of  urine  often  follows  the  operation;  the  patient  should  be 
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encouraaed  to  pass  urine  but  in  a  number  of  cases  catheterization  will  be 
required  and  there  is  always  a  risk  of  resulting  cystitis,  a  selt-retaini  „ 
cXer  does  not  diminish  the  risk  of  infection.  An  intramuscular 
injection  of  doryl  often  produces  spontaneous  urmation._ 
hemorrhage  about  one  week  after  the  operation  occasionally  occurs 
due  to  incomplete  healing  of  the  cervix  when  the  sutures  give  way.  This 
dually  meanL  slight  degree  of  sepsis  and  the  best  treatmerit  is  to  ^ve 
an  antiseptic  douche  such  as  diluted  dettol  and  to  in  ert  an  lodex 
pessarv.  This  should  be  repeated  for  four  or  five  consecutive  days  and 
[fit  is  begun  at  the  first  signs  of  a  pink  discharge,  it  is  rarely  ii^cessary 
to  do  anything  further.  Very  occasionally  it  is  necessary  to  pac 
vagina  with  gauze  or  even  to  insert  a  suture. 
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Results  of  treatment 

The  results  of  the  operation  of  double  colporrhaphy  with  amputation 
of  the  cervix  are  so  good  that  in  more  and  more  centres  it  is  becoming 
the  onlv  method  of  treatment.  No  operation  for  any  condition  can  give 
one  hundred  per  cent  of  cure,  but  this  one  nearly  approaches  this  ideal. 
Some  years  ago,  in  order  to  assess  the  value  of  the  operation,  I  wrote  to 
a  large  number  of  consecutive  patients  who  had  been  upon 

more  than  three  years  previously  and  received  rephes  from  664.  Ot 
these  only  24,  or  3-61  per  cent,  were  not  completely  satisfactory.  But  even 
this  is  much  too  high  a  figure  as  five  of  these  had  subsequently  had 
children  and  5  failed  to  come  for  examination.  Of  the  24  cases  only  5, 
or  0-75  per  cent,  had  any  condition  which  justified  further  operative 
procedure  and  these  were  all  cured  by  a  second  operation. 

The  operation  takes  about  half  an  hour  to  perform  and  does  not  impose 
anv  great  strain  upon  the  patient,  certainly  much  less  than  any  abdom- 
ind  operation.  The  mortality  is  very  low,  in  2,152  cases  only  0-37  per 


Incontinence  of  urine  is  a  little  more  difficult  to  cure  than  the  other 
symptoms  as  the  muscular  tissue  stitched  over  the  urethra  sometimes 
stretches.  In  these  cases  it  is  necessary  to  carry  the  anterior  colporrhaphy 
forward,  almost  to  the  urethral  orifice,  and  to  plicate  two  and  if  possible 
three  layers  of  muscular  and  connective  tissue  over  the  urethra.  This  is 
usually  successful,  provided  that  the  patient  will  take  much  rest  and  not 
subject  the  parts  to  strain  for  three  months. 

In  elderly  and  old  women  the  results  are  particularly  good.  This  series 
included  5  patients  aged  respectively  70,  70,  71,  73,  and  75  years,  all  of 
whom  were  cured.  The  one  of  73  years  of  age  reports  that  she  does  all 

her  own  work  and  can  walk  for  miles. 

Genital  prolapse  in  nulliparae  is  not  very  common  but  in  Lancashire 
a  few  examples  are  seen  every  year,  because  so  many  women  do  hard 
work  in  the  cotton  mills.  As  there  must  be  some  developmental  weak¬ 
ness  of  the  pelvic  floor  it  might  be  expected  that  the  results  of  this  opera¬ 
tion,  which  depends  upon  the  strengthening  of  this  structure,  would  be 
bad.  This  is  not  so,  as  in  my  last  32  cases  31  were  completely  cured. 
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These  included  two  virgins  of  16  years  of  age  and  three  of  63  years  of 
age.  One  virgin,  now  over  sixty  years  of  age,  reports  that  she  is  a  weaver 
and  does  a  full  day’s  work  looking  after  three  looms. 

Subsequent  parturition 

When  a  patient  is  advised  to  have  this  operation,  knowing  that  the 
condition  was  produced  in  the  first  place  by  parturition,  she  is  likely  to 
ask:  ‘Will  it  recur  if  I  have  other  children?’  As  the  operation  as  nearly  as 
possible  replaces  the  pelvic  floor  into  its  original  position  there  must 
always  be  a  risk  of  recurrence  of  the  prolapse  with  subsequent  confine- 
ments.  There  is  therefore  a  tendency  to  defer  this  operation  until  the 
family  is  completed.  With  due  care  during  parturition,  however,  this 
recurrence  is  by  no  means  inevitable  and  in  30  of  my  patients  who  sub¬ 
sequently  had  children  5,  or  16* 5  per  cent  only,  had  any  signs  of  recurrence, 
in  no  instance  was  the  labour  more  difficult  and  in  some  it  was  made 
easier,  in  all  probability  as  a  result  of  removal  of  part  of  the  cervix.  The 
practical  application  of  this  is  to  defer  operation  until  after  the  com¬ 
pletion  of  the  family  if  the  patient  can  be  made  comfortable  with  a 
pessary.  If,  however,  the  patient  is  not  comfortable  or  dislikes  the 
necessary  cleansing  and  replacement  of  this  instrument,  a  colporrhaphy 
can  be  done  with  the  knowledge  that  subsequent  confinements  will  not 
be  more  difficult,  but  that  the  patient  must  take  a  20  per  cent  risk  of 
recurrence  of  the  prolapse,  which  again  will  require  a  colporrhaphy  for 
its  cure. 
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1 -CLASSIFICATION 

1586.]  The  uterus  is  particularly  liable  to  the  development  of  both 
benign  and  malignant  new  growths.  The  Tumour  types'  which  affect 
the  organ  may  be  classified  as  follows,  (i)  Benign:  (A  connective-tissue 
tumours:  fibromyoma  and  lipomyoma;  (b)  epithelial  tumours:  adenoma 
and  adeno-fibroma  (polypi);  and  (c)  combined  epithelial  and  con¬ 
nective-tissue  tumours:  adenomyoma  (endometriosis),  (ii)  Malignant: 
(a)  connective-tissue  tumours:  sarcoma,  endothelioma,  and  peri¬ 
thelioma;  and  (b)  epithelial  tumours:  carcinoma  and  chorionepi- 
thelioma. 

Adenomyoma  {synonyms:  endometrioma,  endometriosis),  adeno- 
fibroma  including  uterine  polypi,  and  chorionepithelioma  (synonym: 
deciduoma  malignum)  are  described  in  the  articles  Endometriosis 
AND  Adenomyoma,  YoI.  IV,  p.  561;  and  Chorionepithelioma  and 
Hydatidiform  Mole,  VoL  III,  p.  220. 


2 -FIBROID  TUMOURS 

(1)  — ^DefimtioB 

(Synonyms. — Fibromyoma;  fibroma;  myoma;  leiomyoma;  fibroid) 

Fibroid  tumours  of  the  uterus  are  benign  new  growths  composed  of 
white  fibrous  tissue  and  plain  muscle  in  varying  proportions.  The 
smallest  growths  are  essentially  myomas,  being  composed  entirely  of 
muscle  elements. 

(2)  — ^Aetiology 

The  causation  of  uterine  fibroids,  probably  the  commonest  tumours 
occurring  in  the  human  species,  is  unknown.  That  these  tumours 
never  develop  before  puberty  or  after  the  menopause  suggests  that 
their  growth  may  be  a  response  to  the  tissue-stimulating  properties 
of  a  sex  hormone  or  to  the  local  periodic  vascularity  of  the  uterus  Sex  hormone 
engendered  by  such.  The  influence  of  race,  heredity,  and  sterility  have 
E.M.  VOL.  xn  2  G 
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all  been  noted  as  possible  aetiological  factors  in  support  of  the  view 
that  an  initial  focus  is  laid  down  in  the  course  of  development  and 
during  foetal  existence.  The  greater  incidence  of  fibroids  in  black  than 
in  white  races  is  established.  From  post-mortem  records  the  incidence 
amongst  white  races  is  as  high  as  one  in  four  or  five  women.  Thus 
Lockyer  in  150  consecutive  necropsies  found  myomas  present  in  30. 
Among  negresses  the  incidence  is  still  higher.  An  occasional  example 
may  be  encountered  between  twenty  and  thirty  or  even  before  twenty, 
but  the  years  thirty-five  to  forty-five  provide  by  far  the  greater  number. 
These  are  the  years  during  which  myomas  are  most  likely  to  come 
under  observation  because  of  the  symptoms  which  they  produce. 
Heredity  Heredity  as  a  factor  in  aetiology  is  perhaps  more  debatable,  but  there 
is  no  doubt  that  certain  families  exhibit  a  marked  tendency  to  develop 
new  growths  of  this  type. 

Sterility  The  association  of  fibroids  with  sterility  is  also  commonly  accepted 
(30  per  cent  as  against  an  average  sterility  rate  of  10  per  cent),  but  the 
relation  between  the  two  can  only  be  a  matter  of  conjecture.  A  sterile 
woman  does  not  necessarily  grow  fibroids  in  her  uterus,  neither  is  a 
woman  with  a  fibroid  uterus  always  sterile,  but  sterility  appears  to 
predispose  to  these  new  growths.  Opinion  differs  as  to  the  higher 
incidence  of  these  tumours  in  the  married  and  the  unmarried.  The 
assertion  that  all  elderly  virgins  are  subjects  of  myomas  is  an 
exaggeration. 

Inflammatory  Inflammatory  diseases  of  the  Fallopian  tubes  are  commonly  associated 
Jesions  Uterine  fibroids.  In  a  series  of  3,561  cases  collated  by  Tracey, 

inflammatory  lesions  in  the  Fallopian  tubes  co-existed  in  14*5  per  cent. 
The  conditions  essential  for  the  development  of  fibroid  tumours  in  the 
uterus,  why  they  are  single  or  multiple,  and  what  predestines  the  site 
of  growth  in  the  individual  organ,  remain  problems  of  gynaecological 
pathology  at  present  unsolved. 

(3)— MorMd  Anatomy 

(a)  Histological  Classification 

All  fibroid  tumours  of  the  uterus  are  primarily  interstitial  in  position, 
Origin  i.e.  they  develop  in  the  muscle  of  the  uterine  walk  Whether  they 
originate  from  the  adventitia  and  media  of  vessel  walls  or  by  a  process 
of  metaplasia  from  the  muscle  fibres  of  the  uterus  is  undecided.  The 
^Seedling  smallest  growths,  commonly  termed  ‘seedling  fibroids’,  are  composed 
fibroids"  only  of  spindle-shaped  muscle-cells  containing  long  nuclei  rounded  at 
Ctq^sule  their  ends.  At  this  early  stage  no  separate  capsule  can  he  recognized, 
but  the  closely  packed  cells  with  well  stained  nuclei  distinguish  the 
developing  new  growth  from  surrounding  normal  uterine  tissue.  As 
the  tumour  grows,  a  peripheral  lymphatic  cleft  appears  between  it  and 
the  adjacent  tissues,  and  emphasizes  the  encapsuled  and  benign  char¬ 
acter  of  the  new  growth  even  before  the  true  capsule  has  developed. 
‘Seedling’  fibroids  may  be  quite  unrecognizable  to  the  naked  eye 
or  touch,  a  fact  which  has  some  bearing  upon  the  operation  of 
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myomectomy,  inasmuch  as  this  conservative  therapeutic  method  can 
never  guarantee  the  eradication  of  all  new  growths  that  may  be  present. 

Any  part  of  the  uterus  may  be  the  starting  point  for  a  fibroid.  The  Site 
majority  develop  in  the  body  of  the  organ,  the  cervix  uteri  being  the 
seat  of  election  in  but  8  per  cent  of  cases.  Very  rarely  the  uterine 
ligaments,  e.g.  the  round  or  the  ovarian,  are  primarily  involved.  These 
tumours  are  generally  multiple,  the  incidence  of  the  single  tumour 
being  only  1  or  2  per  cent.  Although  in  the  first  instance  intramural 
in  position,  many  myomas  in  the  course  of  their  growth  approach 
either  the  peritoneal  or  the  endometrial  surfaces  of  the  uterus.  This 
has  resulted  in  the  common  classification  of  these  tumours  into  ‘inter-  Classification 
stitiaF,  ‘subperitoneaF,  and  ‘submucous’  types.  The  classification  is 
useful  in  that  each  group  is  associated  with  definite  clinical  features. 

A  fibromyoma  may  also  undergo  various  changes  by  virtue  of  its 
anatomical  relation  to  the  uterine  wall. 


Interstitial  fibroids 

Interstitial  fibroids  of  the  uterus  appear  as  hard,  rounded,  or  oval 
tumours  which,  because  of  the  loose  connective-tissue  capsule  sur- 


Fig.  39.— Single  interstitial  fibroid  of  posterior  uterine  wall  showing  the  white 
whorled  appearance  of  an  uncomplicated  tumour 


rounding  them,  can  readily  be  enucleated  from  their  bed.  On  section, 
small  or  moderately-sized  growths  present  a  white  appearance,  the 
surface  being  roughly  lobulated  as  the  result  of  interlacing  fibres. 

The  capsule  which  surrounds  an  interstitial  fibroid  and  which  Capsule 
sharply  demarcates  the  tumour  and  surrounding  healthy  uterine  tissue 
consists  largely  of  muscle  fibres.  When  one  of  these  growths  is  enu¬ 
cleated  the  capsule  contracts  and  retracts  together  with  the  uterine 
wall,  a  fact  of  considerable  importance  in  limiting  the  amount  of 
haemorrhage  during  surgical  removal.  The  muscular  and  fibrous  tissue 
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of  the  capsule  is  arranged  loosely  in  parallel  bundles  in  contradis- 
?ncL  S  the  dense  interlacing  fibres  ^vhich  constitute  the  tumour. 
The  capsule  also  contains  a  liberal  vascular  and  lymphatm  supply. 
Bk)od-.essels  in  the  tumour  are  few  in  number  and  small  in  size,  except 
in  rare  instances  termed  ‘telangiectatic  fibroids  (Virchow). 

Single  large  fibroids  are  generally  of  the 
cases  the  growth  produces  considerable  enlargeme  •  -k  ’ 

a„d  .h.  ih  of  L  ca«.y  »a,  be  increased  to  fonr  or  five  rnches 


Hyperplasia 
af  uterine 
muscle 


Fig  40  -Large  single  interstitial  fibroid  of  posterior  uterine  wall  showing 
.inn^ation  of  uterine  cavity  and  polypoidal  hyperplasia  of  endometrium 


or  even  more  (see  Fig.  40).  The  development  of  an  interstitial  fibroid 
in  the  wall  of  the  uterus  results  not  uncommonly  in  considerable  hyper¬ 
plasia  of  the  uterine  muscle,  so  that  after  enucleation  of  the  tumour 
the  organ  may  still  be  twice  its  normal  size.  This  hyperplasia  is  prob¬ 
ably  caused  by  increased  vascularity  associated  with  the  presence  of  a 
large  interstitial  growth.  Interstitial  tumours  are  commonly  associated 
with  subperitoneal  and  submucous  growths,  the  whole  forming  a 
tumour  mass  which  in  some  cases  leads  to  great  distortmn  of  the 
uterus  and  may  reach  immense  dimensions;  growths  weighing  47, 
and  even  180  lb.  are  on  record. 


Subperitoneal  fibroids 

Subperitoneal,  or  subserous,  fibroids  result  from  the  gradual  growth 
of  interstitial  myomas  towards  the  serous  surface  of  the  uterus.  The 
tumour  first  appears  as  a  small  rounded  prominence  on  the  surface. 
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At  this  stage,  when  the  new  growth  is  sessile  and  appears  to  the  naked 
eye  to  be  lying  immediately  below  the  peritoneal  coat  of  the  uterus, 
a  small  covering  of  muscle  may  be  demonstrated  microscopically, 
i.e.  the  fibroid  is  still  strictly  interstitial.  Finally  the  tumour  is  extruded 
from  the  uterine  wall,  to  which  it  remains  attached  by  a  stalk  or  pedicle 

of  varying  thickness.  j  d  ; 

The  pedicle  contains  muscular  tissue  and  conveys  blood-vessels  and  Pe  ic  e 
lymphatics  which,  in  large  tumours,  are  of  considerable  size;  in  sub- 
serous  uterine  fibroids  it  is  usually  fiat  and  broad.  Although  con¬ 
siderable  mobility  of  the  tumour  is  possible,  torsion  of  the  pedicle  is  Torswn 
rare  in  comparison  with  the  frequency  of  this  accident  with  ovarian 
tumours.  Growths  of  moderate  size  with  much  elongated  peritoneal 
stalks  however,  occasionally  do  undergo  an  acute  twist  and  in  some 
cases  become  completely  detached  from  the  uterus.  Such  a  tumour  may 
acquire  secondary  attachment  to,  and  be  vascularized  by,  the  omentum 
and  is  then  called  a  ‘parasitic  fibroid’.  ■  j  c- 

Pedunculated  subperitoneal  fibroids  may  reach  an  immense  size  and  Size 
are  some  of  the  largest  abdominal  tumours  known.  Owing  to  their 
free  mobility  they  soon  rise  into  the  abdominal  cavity,  but  a  sub- 
peritoneal  tumour  growing  from  the  posterior  wall  of  the  uterus  easily 
becomes  incarcerated  in  the  recto-uterine  fossa  (pouch  of  Douglas) 
below  the  sacral  promontory.  Owing  to  deficient  blood-supply,  sub-  Degeneration 
serous  fibromyomas  commonly  undergo  various  types  of  degeneration, 
hyaline  and  cystic  change  being  perhaps  the  most  common.  The  uterus, 
even  when  associated  with  multiple,  and  in  some  cases  very  large,  sub- 
peritoneal  fibroids,  is  by  no  means  always  increased  in  size.  Indeed  it 
may  be  possible  to  remove  a  number  of  large  growths  of  this  type  and 
to  leave  an  organ  comparatively  normal  in  shape  and  dimensions.  A 
subperitoneal  pedunculated  fibroid  therefore  presents  a  very  different 
proposition  from  a  large  single  interstitial  tumour  of  similar  size,  both 
in  symptoms  and  treatment.  ^  t  ^ 

Subserous  tumours  developing  from  the  lateral  wall  of  the  uterus 
separate  the  folds  of  the  corresponding  broad  ligament  and  are  then  tumours 
known  as  intra-ligamentary.  Such  tumours,  and  also  those  which  grow 
from  the  anterior  or  posterior  walls  of  the  uterus  below  the  peritoneal 
reflexion,  displace  the  organ  and,  since  they  cannot  nse  into  the 
abdominal  cavity,  are  particularly  liable  to  cause  severe  pressure 
symptoms.  When  retroperitoneal  fibroids  find  their  way  into  the 
general  abdominal  cavity  they  cause  much  displacement  of  adjacent 
viscera.  Large  tumours  may  extend  in  the  cellular  tissue  of  the  abdominal 
wall  as  high  as  the  lower  pole  of  the  kidney,  and  displace  the  caecum 
or  pelvic  colon  forwards  according  to  the  side  of  the  abdomen  which 
they  affect. 

Cervical  fibroids 

A  cervical  fibroid  may  be  regarded  as  a  type  of  retroperitoneal 
growth.  The  supravaginal  portion  is  usually  affected,  fibroids  of 
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the  vaginal  portion  of  the  cervix  being  very  rare.  Cervical  myomas 
are  generally  single  and  appear  to  be  associated  more  commonly 
with  the  posterior  than  the  anterior  wall.  Two  types  must  be  distin- 
True  cervical  suished,  the  ‘true’  and  the  ‘false’.  A  true  cervical  fibroid  develops  within 
fibroids  the  tissues  of  the  supravaginal  cervix,  and  the  cervical  canal  is  always 
much  elongated.  The  body  of  the  uterus  is  of  normal  size  and  pushed 
upwards  by  the  growth  of  the  rounded  or  oval  tumour  which  occupies 
^False’  the  pelvic  cavity;  it  can  often  be  palpated  above  the  pubes.  ‘False’  or 

cervical  ‘pseudo’-cervical  fibroids  are  attached  to  the  supravaginal  cervix  y 

either  a  pedicle  or  a  broad  base.  They  develop  in  a  retroperitoneal 
position  and  cause  considerable  dislocation  of  adjacent  structures 
such  as  the  ureters  and  the  uterine  vessels.  These  facts  should  be 
remembered  when  such  tumours  are  being  surgically  removed. 

Submucous  fibroids 

Submucous  fibroids,  like  the  subserous  types,  are  generally  considered 
to  arise  from  the  development  of  an  interstitial  tumour  towards  the 


Fig.  41  _Large  submucous  fibroid  of  ‘cup  and  balF  type:  the  single  tumour 
completely  fills  the  dilated  uterine  cavity 

endonietriiini  lining  the  uterine  cavity.  A  seedling  microscopical 
myoma,  however,  occasionally  grows  in  such  close  relation  to  the 
endometrium  as  to  be  submucous  ab  initio.  Submucous  myomas  are 
often  single,  in  which  event  they  may  be  sessile  with  a  broad  base  or 
be  pedunculated.  As  a  result  of  periodical  uterine  contraction  a  sub¬ 
mucous  tumour  tends  to  become  pedunculated  and  polypoid  early. 

Fibrnid  polyp  The  stalk  may  be  so  lengthened  as  to  allow  the  tumour  to  be  extruded 
through  the  cervical  canal  and  occasionally  even  outside  the  vulva. 
During  the  process  of  expulsion  of  a  pedunculated  submucous  fibroid 
from  the  uterine  cavity,  uterine  polarity  results  in  the  cervix  being 
widely  dilated. 
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Large  submucous  tumours  on  the  other  hand  always  maintain  a 
broad  base  of  attachment  to  the  uterus.  The  cavity  of  the  organ  then 
increases  in  size  and  the  tumour  is  moulded  to  the  contour  of  the  uterine 
wall.  A  large  fibroid  may  be  partly  interstitial  and  partly  submucous. 
The  uterus  enlarges  symmetrically  and  the  fibroid  distends  the  ca\it\ 
in  a  bup  and  ball’  manner  (see  Fig.  41). 

Occasionally  submucous  fibroids  may  be  small  and  numerous  filling 
the  cavity  of  the  organ  like  calculi  in  the  gall-bladder.  The  analogy-  is 


Fig.  42.— Multiple  small  submucous  fibroids  showing  ‘faceting’  caused  by  close 
apposition  of  tumour  surfaces:  at  x  a  ‘seedling’  fibroid  in  an  ‘interstitial  position 


IS  seen 


rendered  closer  by  the  faceted  appearance  of  some  of  the  small  tumours 
(see  Fig.  42).  A  submucous  fibroid  in  process  of  expulsion  may  cause 
spontaneous  inversion  of  the  uterus;  this,  however,  should  always 
arouse  the  suspicion  of  possible  coexistent  malignancy  of  a  sarcomatous 
nature,  since  the  normal  healthy  uterine  fundus  does  not  readily  undergo 

inversion.  .  .  ,  ^  , 

The  tumour  is  at  first  covered  completely  by  endometrium,  but  with  Endometrium 

increased  growth  the  tissue  at  the  distal  pole  becomes  more  and  more 
attenuated  until  it  is  represented  by  a  single  layer  of  cells.  In  the  recesses 
and  angles  at  the  base  of  the  fibroid,  and  often  over  the  rest  of  the  uterus, 
the  endometrium  is  commonly  hypertrophic  or  polypoid  (see  Fig.  40). 


Metaplasia 
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During  menstruation  this  hyperplasic  endometrium  is  congested  either 
diffusely  or  locally,  and  it  is  from  this  surface,  as  distinct  from  the 
tumour,  that  the  severe  bleeding  associated  with  submucous  fibroids 
occurs.  When  a  pedunculated  submucous  fibroid  occupies  the  vagina 
the  covering  endometrium  commonly  undergoes  metaplasia  to  a 
squamous  type  of  epithelium.  Owing  to  defective  vascular  supply  and 
exposure,  such  tumours  not  uncommonly  become  inflamed  or  necrotic. 
Rarely  the  interstitial  or  subperitoneal  forms  are  so  affected. 

Although  the  majority  of  submucous  fibroids  are  of  moderate  size  or 
small  when  they  first  come  under  observation,  a  tumour  in  this  position 
may  reach  dimensions  comparable  to  those  of  a  twenty-four  weeks 
gestation.  The  enlarged  uterus  is  then  of  uniform  shape  and  consistence 
md  may  simulate  the  pregnant  organ. 


(b)  Morbid  Changes  in  Fibroids 

Fibromatous  tumours  of  the  uterus  often  show  secondary  morbid 
lesions,  mostly  associated  with  alterations  in  the  vascular  supply,  a 
deficiency  resulting  in  various  degenerative  changes,  e.g.  hyaline,  cystic, 
fatty,  calcareous,  or  necrobiotic.  Impaction  or  incarceration  of  a  fibroid 
is  soon  followed  by  oedema  and  lymphangiectasis.  Axial  rotation  of  a 
subperitoneal  pedunculated  tumour  is  associated  with  congestion  and 
haemorrhage,  or  necrosis  of  the  growth.  A  tumour  may  also  become 
inflamed  as  the  result  of  infection  from  the  endometrium  or  directly 
from  a  coil  of  adherent  intestine.  If  the  infection  is  sufficiently  acute, 
gangrene  and  sloughing  occur.  Suppuration  within  a  fibroid,  however. 
Malignant  is  rare.  Finally,  malignant  metaplasia  of  a  mesoblastic  type  converting 
metaplasia  originally  benign  new  growth  into  a  highly  malignant  sarcoma 

occurs  in  slightly  under  1  per  cent  of  observed  tumours. 

Hyaline  degeneration 

Hyaline  degeneration  is  very  common  in  all  types  and  is  the  usual 
Naked-eye  concomitant  of  malnutrition  from  vascular  deficiency.  To  the  naked 
appearances  gyg  such  a  tumour  on  section  shows  dull  grey  areas  contrasted  with 
Microscopical  the  white  appearance  of  the  healthy  tumour.  Under  the  microscope  it 
appearances  ^  irregular  areas  of  fibrous  tissue  are  replaced  by  a 

homogeneous  material  which  stains  readily  with  eosin  and  fuchsine. 
The  muscle  elements  are  usually  intact  and  even  in  advanced  cases 
the  nuclei  of  the  muscle-cells  retain  the  haematoxylin  stain.  The  same 
resistance  is  shown  by  the  vessel  walls.  The  distribution  of  hyalin  in 
a  fibroid  tumour  varies  within  wide  limits.  Sometimes  only  a  small 
area  is  affected;  in  other  cases  the  whole  growth  may  be  involved  in 
Association  either  a  trabecular  or  patchy  manner.  Lockyer  drew  attention  to  the 
close  association  between  hyaline  degeneration  in  a  fibromyoma  and 
metaplasia  sarcomatous  metaplasia  of  the  muscle-cells. 

Cystic  degeneration 

Cystic  degeneration  is  generally  the  result  of  liquefaction  of  hyaline 
areas,  the  distribution  of  these  areas  determining  the  size,  shape,  and 
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character  of  the  cystic  spaces.  The  latter  are  lined  by  hyaline  tissue 
and  in  no  sense  are  they  true  cysts.  In  most  instances  cystic  degeneration 
affects  a  tumour  in  a  honeycomb  manner  producing  a  congeries  of 
small  spaces  containing  albuminous  straw-coloured  fluid.  Occasionally 
large  cavities  are  formed  by  the  liquefaction  of  corresponding  plaques 
of  hyaline  tissue,  or  by  the  absorption  of  trabeculae  between  adjacent 
cysts.  Rarely  liquefaction  is  so  extensive  as  to  involve  nearly  the  whole 
of  a  tumour,  converting  it  into  a  single  large  cyst.  Admixture  of  the 
contained  fluid  with  blood  pigment  results  in  a  brown  or  reddish-brown 
appearance  of  the  contents.  Cystic  degeneration  is  also  occasionally 
associated  with  a  ‘necrobiotic’  fibroid  (see  below),  when  the  contained 
fluid  is  dark  red  and  resembles  venous  blood. 

True  cysts,  i.e.  spaces  lined  by  epithelium  or  endothelium  as  distinct  True  cysts 
from  cystic  degeneration,  are  rare  in  fibroid  tumours  of  the  uterus. 

When  they  occur  they  are  probably  the  result  of  dilatation  of  lymphatic 
channels  (lymphangiectasis)  or  of  included  uterine  glands.  In  the  latter 
instance  the  tumour  is  probably  an  adenomyoma  (see  VoL  IV,  p.  561) 
and  not  a  true  fibromyoma. 

Fatty  degeneration 

Fatty  degeneration  affects  the  myomatous  elements  of  a  fibroid  and 
is  preceded  by  hyaline  change.  Fresh  sections,  appropriately  stained, 
show  fat-droplets  in  the  line  of  the  muscular  fibres.  The  cause  of  this  Cause 
degeneration  is  probably  a  vascular  defect,  e.g.  local  thrombosis,  but 
the  precise  determining  factor  is  unknown.  Not  uncommonly  one 
tumour  among  a  large  number  is  affected,  when  it  may  be  homogeneous 
in  appearance  without  the  typical  ‘whorled’  appearance  of  the  unaffected 
fibroid  (see  Fig.  39).  The  colour  is  cream  or  yellow  but  varies  according 
as  haemolysis  has  or  has  not  taken  place.  In  such  an  event  the  transition 
to  necrobiotic  degeneration  is  very  close.  Fatty  degeneration  always 
precedes  the  deposition  of  calcareous  salts  and  is  more  likely  to  occur 
in  elderly  subjects. 

Calcification 

Calcareous  fibroids  are  the  result  of  deposition  in  the  tissues  of 
calcium  carbonate  and  calcium  phosphate.  This  deposit  may  be 
scattered  homogeneously  throughout  the  growth  or  form  a 
the  periphery.  All  types  of  fibromyoma  are  liable  to  this  change  which 
is  more  common  after  the  menopause;  it  is  always  preceded  by  hyaline 
and  fatty  degeneration.  Soaps  and  soap-albumins  are  formed  and 
unite  with  calcium  derived  from  the  blood.  Calcification  in  a  myoma 
can  be  detected  by  radiography.  Calcified  tumours  of  this  type  (womb- 
stones)  have  been  found  in  the  pelves  of  female  Egyptian  mummies. 

Necrobiotic  degeneration 

Necrobiotic  degeneration,  although  not  the  commonest,  is  perhaps 
the  most  interesting  morbid  change.  Fibroids  which  have  undergone 
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this  degeneration  are  comparatively  soft  and  vary  in  colour  from  yellow 
or  mey  to  deep  red.  The  more  extreme  examples  resemble  uncooked 
meat,  and  the  alternative  names  of  ‘raw-beef’  or  ‘red’  degeneration 
are  sometimes  applied.  Necrobiotic  fibroids  can  hardly  be  classed  as 
a  morbid  entity  since  the  morbid  change  is  not  specific.  They  are 
extreme  types  of  necrosis  with  associated  fatty  degeneration  and  exten¬ 
sive  staining  with  blood  pigment.  The  use  of  these  terms  has  become 
restricted  partly  as  the  result  of  the  striking  naked-eye  appearance 
(see  Plate  XI,  a),  and  partly  from  the  clinical  association  with  pregnancy, 
although  co-existing  pregnancy  is  not  an  essential  requirement.  The 
large,  single,  intramural  fibroid  is  most  commonly  affected.  Occasionally 
necrobiosis  is  seen  in  one  tumour  only,  even  when  many  are  present. 

A  pedunculated  subperitoneal  fibroid  may  be  the  seat  of  necrosis  with 
haemolysis.  It  is  seen  not  uncommonly  in  association  with  calcareous 
degeneration  of  the  peripheral  vessels  in  elderly  patients.  The  term 
necrobiosis  is  perhaps  a  misnomer,  but  its  continued  use  is  justified 
because  there  is  clinical  evidence  to  show  that  some  of  these  fibroids 
recover,  and  because  the  tissue  is  not  dead  as  the  word  ‘necrosis’ 
implies.  A  tumour  in  which  red  degeneration  is  well  established  is  tender 
and  often  associated  with  slight  pyrexia.  In  some  cases  in  which  surgical 
intervention  has  been  withheld,  during  pregnancy  for  example,  these 
symptoms  have  subsequently  subsided. 

On  section  a  necrobiotic  fibroid  presents  definite  characters.  Apart 
from  the  unusual  colour  and  consistence,  the  presence  of  thrombosed 
vessels  in  the  capsule  should  be  noted.  An  additional  feature  is  the 
unpleasant  odour  described  as  ‘musty  ,  fishy  ,  mousy  ,  or  resembling 
acetamide.  The  special  features  of  this  type  of  degeneration  have  no 
relation  to  inflammation  or  infection.  Bacteria  have  been  noted  by 
some  observers,  but  it  is  now  generally  accepted  that  the  bacterial 
infection  is  secondary  and  of  no  aetiological  importance. 

Atrophy 

Atrophy,  in  association  with  uterine  fibroids,  is  of  no  great  significance, 
especially  from  the  clinical  standpoint.  The  opinion  is  held  by  some 
practitioners  and  by  many  others  that  at  the  menopause  fibromyomas 
not  only  atrophy  but  may  disappear.  It  is  true  that  with  the  cessation 
of  ovarian  function  some  tumours  of  this  type  become  smaller,  but 
the  possibility  of  this  happening  should  never  influence  the  course  of 
treatment  which  the  immediate  symptoms  otherwise  indicate.  I  have 
no  personal  experience  of  the  total  disappearance  of  fibroids  by 
atrophy,  and  am  sceptical  about  its  occurrence.  Lawson  Tait  in  1882 
removed  ovaries  with  the  purpose  of  producing  atrophy  in  fibroids, 
and  the  samo  principle  is  now  applied  in  some  clinics  by  irradiation 
with  X-rays.  Cross-fire  application  produces  a  primary  atrophy  of  the 
ovaries,  and  this  may  result  in  subsequent  atrophy  of  the  uterus  and 
any  fibroids  it  contains. 


A.  Interstitial  fibroid  undergoing  early  necrobiotic  degeneration  or  ® 

B  Fibroid  and  endometriosis  of  the  ovaries.  Both  ovaries  are  the  seat  of  endometnomatous 
foci’  tvhich  are  shown  at  X  and  y.  The  left  ovary  was  densely  adherent  to  the  posterior  wall 
of  the  uterus  at  the  points  indicated  (X) 

Plate  XI 


[To  face  p.  458 
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Oedema 

Oedema  in  a  fibroid  is  caused  by  partial  obstniction  of  the  lymphatic 
vessels.  It  is  the  result  of  mechanical  compression,  as  when  a  tumour  is 
incarcerated  within  the  pelvic  cavity,  and  is  therefore  an  uncomiiioii 
complication.  Such  a  tumour  is  soft  and  on  section  exudes  much 
serum  with  a  low  albumin  content,  thus  differing  from  the  highly 
albuminous  exudate  associated  with  the  liquefaction  of  hyaline  areas. 

Care  must  be  taken  not  to  confuse  a  fibroid  which  is  the  seat  of  extensive 
cystic  degeneration  with  this  lesion.  Both  tumours  exude  much  fluid 
on  section,  but  the  morbid  anatomy  of  each  is  entirely  different.  When 
the  lymphatic  channels  are  much  dilated  lymphangiectasis  results. 

Torsion 

Axial  rotation  of  a  pedunculated  subserous  fibroid  is  uncominon. 

Partial  torsion  causes  extreme  congestion  of  the  tumour  with  inter¬ 
stitial  haemorrhages  into  its  substance.  Such  fibroids  are  purplish-red 
and  usually  adherent  to  neighbouring  structures,  e.g.  omentum  or  a 
loop  of  intestine.  Reference  has  already  been  made  to  "parasitic  fibroids 
(see  p.  453).  Very  rarely,  complete  axial  rotation  of  the  uterus  occurs  With  axial 
together  with  a  fibroid.  Bastianelli  recorded  an  instance  of  such  acute 
torsion  that  the  uterus  was  amputated  at  the  level  of  the  internal  os. 

Inflammation 

Inflammation  of  fibroid  tumours  is  limited  almost  entirely  to  sub-  Mode  of 
mucous  types,  the  reason  being  that  the  infection  is  usually  ascending 
and  conveyed  via  the  endometrium.  Occasionally  infection  of  a  myoma 
occurs  directly  through  the  intestinal  wall  or  even  through  the  blood¬ 
stream.  Co-existing  pelvic  peritonitis  (perimetritis),  salpingo-ovaritis, 
or  pelvic  endometriosis  are  usually  associated  with  wide-spread 
adhesions,  often  very  dense,  over  the  surface  of  a  fibroid. 

Sloughing 

Invasion  of  a  fibroid  by  saprophytic  organisms  results  in  gangrene  or 
sloughing.  Exposure  of  the  growth  to  the  infecting  organism  is  essential, 
and  therefore  sloughing  occurs  in  the  submucous  tumour,  especially 
when  polypoid  and  occupying  the  vaginal  canal.  A  common  cause 
of  sloughing  is  trauma  to  the  capsule,  either  by  instrumentation,  e.g. 
curettage,  or  by  spontaneous  tearing  during  extrusion  of  the  tumour 
from  the  uterus.  Sloughing  fibroids  are  always  associated  with  a  most 
offensive  discharge  related  to  the  tissue  products  of  bacterial  activity. 

Malignant  metaplasia 

Uterine  fibromas  may  be  invaded  either  by  a  carcinoma  or  sarcoma  Invasion 
from  adjacent  organs,  or  by  a  malignant  new  growth  which  has 
developed  independently  in  the  uterus.  On  the  other  hand  sarcoma 
may  appear  de  novo  in  a  fibroid,  as  the  result  of  metaplasia  of  either 
the  fibrous  or  myomatous  elements.  Perithelioma  and  endothelioma 
may  also  arise  from  the  blood-vessels  or  capillaries  of  a  benign  new  ^ 
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arowth.  The  incidence  of  sarcomatous  metaplasia  is 

is  between  1-21  (Cullen)  and  1-5  per  cent  (Traeev);  'to'  88““  W'" 
rather  high,  and  probably  1  per  cent  is  more  nearly  correct.  Micro 
scopically,  sarcomas  derived  from  connective  tissues  are  ehher  spindle- 
celled  or  round-celled,  those  of  muscle  origin  being  . 

It  is  not  easy  always  to  recognize_  the  J 

a  fibromyoma,  and  histological  mistakes  occasional  y  pp  _ 
typical  malignant  cell  is  large  and  has  a  large  nucleus  with  mitotic 
fSires  The  cell  tends  to  become  angular  and  to  develop  branchi  _g 
pf»Ls,  Extrnotdinary  exantples  do  no,  show  any  'to' 
hut  metastasize  in  spite  of  the  microscopical  innocence  of  Pr  a 
uterine  growth.  Such  tumours  have  been  termed  malignant  leio- 

^THhe  naked  eye,  a  fibromyoma  undergoing  extensive  sarcomatous 
metaplasia  presents  a  characteristic  appearance.  In  consistence  the 
affected  area  is  softer  than  the  usual  fibroid,  its  colour  is  creamy  or 
yellow  instead  of  white,  and  the  typical  whorled  appearance  of  the 
cut  section  is  absent.  The  degenerated  growth  contains  “  f 
stained  tissue  or  even  cysts  containing  blood-stained  fluid,  the  distinc¬ 
tion  between  malignant  and  non-malignant  areas  being  usually  wel 
defined.  The  central  area  of  a  fibromyoma  is  most  common  y  e 
to  be  affected  by  malignant  metaplasia.  The  close  association  of  hyaline 
degeneration  with  sarcomatous  metaplasia  of  adjacent  myomatous  cells 
has  already  been  noted. 


Effect  on 
fertility  and 
menopause 


Primary  and 

secondary 

symptoms 


(4)— Clinical  Picture 

How  long  a  tumour  may  exist  before  it  causes  symptoms  is  not  known, 
this  factor  depending  on  the  position  of  the  fibroma  in  the  uterine  wall, 
its  vascularity,  and  its  rate  of  growth.  In  many  cases,  especially  with 
subperitoneal  fibroids,  the  size  of  the  tumour  first  brings  the  patient 
under  observation.  Amazing  instances  sometimes  occur  in  which  an 
immense  fibroid  is  present  without  apparently  causing  any  symptoms 
and  is  not  noticed  by  the  unobservant  woman.  The  association  ot 
fibroids  with  sterility  has  already  been  noted  (see  p.  450).  Among 
women  with  fibroids  the  menopause  is  commonly  delayed,  and  it  is 
not  uncommon  to  find  such  women  menstruating  at  the  age  of  fifty- 

five  or  more.  _  .  , 

The  symptoms  may  conveniently  be  classified  as  primary  ana 
secondary;  the  primary  group  includes  haemorrhage,  leucorrhoea,  paiii, 
pressure  effects,  and  sterility.  The  secondary  group  contains  such 
clinical  phenomena  as  anaemia,  dyspepsia,  constipation,  and  asthenia. 


Haemorrhage 

Factors  Haemorrhage  is  probably  the  most  usual  symptom  but  excessive 

determining  bleeding  from  the  uterus  is  by  no  means  constant  or  essential.  Its 
haemorrhage  depends  upon  two  and  possibly  three  factors,  namely  :  (i)  the 

position  of  the  fibroid  in  the  uterus,  (ii)  the  secondary  effects  induced 
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in  the  mem.  and  parttolari,  in  the  ®  to 

lesions  in  the  ovaries  resulting  from  associate 

the  pelvic  organs.  in  size  and  its  Subperitoneal 

In  subperitoneal  tumours  the  uterus  may  be  normal 

particularly  when  polypoid  and  in  f  ^ITnd  finallv  con- 

uterine  cavity.  In  such  circumstances  repeated  severe  and  ™ 

trstmaXo^^^^^^^^  r'isodateTw^^^^  icessi^ 

prolonged  uterine  bleedmg.  iJyper- 

trophiroTpolypoid,  and  under  these 

excessive.  At  first  the  period  may  /Z  taxis')  until  finally  one 
(menonhagia) ;  J  4e„stnial  iirlgularity  usuatty 

taptrse”X?“tngL  in  .de  cariaa  in  .he  fom.  of  oedenia.ons 
Graafian  follicles  which  W  t°  “  “,'^^ediately  fatal,  but  Aae»a 

EiEsSr  ?^e*ri”Lt:r“  rt 

week  or  ten  days  to  recover. 

Leucorrhoea  ^5^,  notice  an  increase  in  the  normal  vaginal 

Many  patients  with  fibroid  ^  cource  of  discomfort  by 

discharge,  which  in  some  cases  is  n  pruritus.  Pruritus 

reason  of  its  excess  but  also  irrit^mgandjc^^^^^^^ 

Endometrial  hypertrophy,  ^  f  tL  type.  Occasionally  it 

most  cases  for  troublesome  <,,rvical  mucosa 

may  be  associated  with  p.  715). 

(endocervid^fis)  or  »“"  sa  rW 

““  erd“.si  *e  dtscharge,  which  n.a,  or  n.ay 
not  be  mixed  with  blood,  is  always  present. 

”n  iTocdted  pelvic  lesion,  not  1^“  amtuoil^ 

Necrobiosis  .nay  render  a  tS'  «^on  of  fite 

.  .he  assocmted  les.on 
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which  produces  the  local  discomfort.  But  infection  of  a  submucous 
tumour  and  sloughing  may  cause  severe  pelvic  pain  and  pyrexia. 
Among  cases  of  fibroids  in  which  pain,  is  the  symptom  to  bring  the 
patient  under  observation,  it  is  not  unusual  to  find  an  associated 
pelvic  endometriosis  (see  Plate  XI,  b).  Keene  and  Kimbrough  in  a 
series  of  118  cases  of  endometriosis  found  uterine  fibroids  in  55-4 
“am  in  P^r  cent.  A  simple  uncomplicated  fibromyoma,  however,  may  occasion 
incomplicated  paia  durina  menstruation,  during  pregnancy,  and  by  pressure  upon 
ibroids  adjacent  stmctures.  During  the  premenstrual  phase  a  large  interstitial 
fibroid  sometimes  causes  considerable  pelvic  discomfort.  Also  during 
menstruation  the  normal  uterine  contractions  may  be  colicky  and  pain¬ 
ful,  especially  with  an  interstitial  or  submucous  tumour  in  process  of 
expulsion  into  the  uterine  cavity.  During  pregnancy,  increased  vas¬ 
cularity  of  the  uterus  affects  an  interstitial  fibromyoma  in  its  wall  and 
thus  increases  any  pelvic  discomfort  that  may  be  present.  A  fibroid 
in  these  circumstances  may  become  tender  irrespective  of  the  presence 
of ‘red  degeneration’  (see  p.  458).  Finally  pain  is  produced  by  incarcera¬ 
tion  of  a  fibroid  uterus  within  the  pelvis  and  pressure  upon  adjacent 
vessels  and  viscera. 

Pressure  effects 

When  a  fibroid  tumour  by  reason  of  its  position  or  size  is  incarcerated 
in  the  pelvic  cavity,  symptoms  of  pressure  upon  adjacent  structures 
Type  of  are  liable  to  occur.  Cervical  or  retroperitoneal  growths  are  the  most 
fbroid  to  cause  trouble  of  this  kind,  but  occasionally  an  interstitial 

single  fibroid  of  the  posterior  wall  or  a  pedunculated  subperitoneal 
effects  tumour  may  become  impacted  below  the  sacral  promontory  and  give 

rise  to  pressure  symptoms. 

Pressure  on  The  bladder  is  perhaps  the  viscus  most  commonly  affected,  but  this 
bladder  jg  ^^0  to  adapt  itself  to  circumstances  in  a  remarkable  manner, 

and  only  with  cervical  or  impacted  tumours  without  any  range  of 
movement  are  vesical  symptoms  likely  to  occur.  The  commonest  of 
these  is  frcQ^nency  of  micturition,  usually  painless.  Retention  of  urine 
and  ‘retention  incontinence’  are  uncommon  and  in  most  cases  are 
asspciated  with  large  cervical  growths  displacing  the  bladder  upwards 
and  stretcbing  the  urethra.  Chronic  retention  and  cystitis  are  rarely 
associated  with  uterine  fibroids.  Acute  retention  is  most  likely  to 
occur  either  just  before  or  during  the  menstrual  function,  on  account  of 

slight  increase  in  size  from  temporary  congestion. 

Pressure  on  A  ureter  is  not  uncommonly  displaced  by  a  retroperitoneal  fibroid 

tumour  growing  between  the  layers  of  the  broad  ligament;  but  it  is 
seldom  that  such  a  ureter  is  so  seriously  involved  as  to  result  in  hydro¬ 
ureter  or  hydronephrosis. 

Pressure  on  The  rectum  may  be  compressed  by  an  incarcerated  pelvic  tumour, 
rectum  leading  to  constipation  and  haemorrhoids.  Calcification  of  an  impacted 
fibroid  in  an  elderly  subject  has  occasioually  exerted  sufficient  pressure 
upon  the  rectum  to  produce  chronic  intestinal  obstruction. 
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Pressure  upon  blood-vessels,  more  particularly  the  external  iliac  vein 
at  the  pelvic  brim,  sometimes  produces  varicosity  of  veins  or  oedema  andnen-es 
in  the  corresponding  lower  extremity.  Generally  the  blood-vessels  are 
sufficiently  protected  by  muscular  tissues  to  escape  much  direct  com¬ 
pression.  The  same  applies  in  even  greater  degree  to  the  nerves  ot  the 
lumbo-sacral  and  sacral  plexuses.  Only  retroperitoneal  tumours  exert 
pressure  so  direct  and  so  severe  as  to  cause  symptoms.  Therefore  pam 
such  as  sciatica,  associated  with  a  large  fibromyoma,  is  not  necessarily 
attributable  to  the  presence  of  the  tumour,  and  relief  of  pressure  is  not 
always  associated  with  relief  of  the  sciatic  neuralgia.  Large  a  ^  omiiia' 
fibromyomas  displace  not  only  the  intestines,  but  also  the  stomach  intestines 
seriously  impairing  gastric  and  hepatic  functions;  the  cardiac  and 
respiratory  mechanisms  are  also  not  uncommonly  embarrassed. 


Reproductive  function 

Reference  has  already  been  made  to  the  effect  that  fibroids  e^rt 
upon  the  reproductive  functions  (see  p.  450).  Not  only  is  absolute  S  . 


Sterility  more  eommon,  but  relative  sterility  is  inereased.  A  wonrae 
with  an  interstitial  or  submucous  fibroid  in  her  uterus  is  more  likely  to  i^tbour 

abort  or  be  the  subject  of  a  premature  labour  complications 

Apart  from  this  tendency,  pregnancy  complicated  y 

to  other  complications.  In  addition  to  the  risk  of  necrobiosis  or  red  pregnancy 
de^tSaStf  a  submueoas  fibroid  may  also  be  ‘f 
or  slough  as  the  result  of  damage  to  its  capsule.  Some  s'lbmucous 
fibroids  are  extruded  during  the  puerperium,  this  occurrence  being 
commonly  associated  with  severe  bleeding.  The  f  M^presenta- 

in  the  utous  increases  the  risk  of  a  malpresentation;  if  it  is  m  the 
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lower  uterine  segment  or  cervix  it  will  also  obstruct  labour,  and  during 
the  third  stage  may  interfere  with  physiological  retraction  and  cause 
severe  post-partum  haemorrhage.  An  interstitial  or  submucous  fibroid 
may  therefore  prove  a  serious  hindrance  to  the  reproductive  function; 
on  the  other  hand  most  subperitoneal,  and  some  interstitial,  tumours 
cause  no  trouble;  several  pregnancies  and  labours  have  been  safely 
ne<'Otiated  by  the  subjects  of  such  growAs.  Munro  Kerr  showed  tha 
some  fibroid  tumours  discovered  in  patients  during  the  early  months 
of  pregnancy,  which  might  reasonably  be  thought  to  mtroduce  an 
element  of  danger,  have  later  been  lifted  out  of  the  pelvic  cavity  and 
have  not  caused  any  difficulty  whatsoever. 

(5) — Course  and  Prognosis  ■  r-  ■ 

Many  cases  of  uterine  myoma  run  their  course  without  interfering 
with  the  patient’s  comfort  or  mode  of  life.  As  women  with  fibroids  in 
the  uterus  mav  be  ignorant  of  the  fact,  it  is  impossible  to  produce 
reliable  statistical  evidence  of  the  proportion  of  these  tumours  which 
cause  trouble  by  their  size  or  secondary  complications. 

The  question  not  uncommonly  arises  how  long  has  a  tumour  been 

present  The  rate  of  growth  of  a  fibromyoma  varies  within  considerable 

limits  and  depends  not  only  on  its  vascular  supply  but  also  on  the 
a<^e  of  the  patient  and  the  position  of  the  tumour  within  the  uterus. 
Large  single  interstitial  fibroids  with  well  vascularized  capsules  develop 
more  rapidly  than  multiple  subperitoneal  and  especially  pedunculated 
tumours,  and  intercurrent  pregnancy  favours  rapid  growth.  Fibroids 
also  appear  to  grow  more  rapidly  in  young  patients  in  the  late  twenties 
or  early  thirties  than  in  the  woman  approaching  the  menopause. 
The  removal  of  a  myoma  by  myomectomy  in  a  young  patient  may 
therefore  prevent  hysterectomy  for  a  large  tumour  at  a  later  date. 
The  fact  that  the  growth  of  fibroids  diminishes  as  the  menopause 
approaches  should  not,  however,  influence  the  question  of  surgical 
treatment  when  urgent  or  severe  symptoms  indicate  that  it  is 
necessary.  The  presence  of  fibroids  tends  to  delay  the  onset  of  the 
menopause. 

Lability  to  Some  types  of  myoma  are  liable  to  special  risks;  thus  the  suMnucous 
complications  polypoidal  tumour  is  liable  to  slough,  the  single  interstitial  nbroid  to 
undergo  cystic  or  necrobiotic  degeneration,  and  the  subperitoneal 
pedunculated  growth  to  twisting  of  its  pedicle  or  to  become  adherent 
to  adjacent  tissues.  The  risk  of  malignant  metaplasia  occurring  in  a 
fibromyoma  is  about  1  per  cent.  Apart  from  this  danger  the  likelihood  of 
a  fibroid  being  a  direct  cause  of  death  is  not  great,  in  spite  of  the  severe 
degree  of  secondary  anaemia  sometimes  present  when  a  patient  first 
applies  for  treatment. 

Lockyer  estimated  that  about  45  per  cent  of  patients  with  uterine 
fibroids  present  symptoms  calling  for  treatment.  Although  they  do 
not  dispose  to  a  fatal  issue,  there  can  be  little  doubt  that  they  are 
responsible  for  a  considerable  amount  of  ill-health.  The  same  author 
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has  stated  that  these  patients  constitute  about  10  per  cent  of  all  gynaeco- 

logical  cases. 

(6^_Diagiiosis  aai  Differential  Diagnosis 

The  diagnosis  of  a  uterine  fibroid  or  fibroids  does  not,  as  a  rule, 
present  much  difficulty.  In  the  case  of  an  abdominal  tumour  factors 
such  as  obesity,  nervous  rigidity,  or  co-existing  ascites  of  extraneous 
origin  may  be  troublesome  factors,  but  in  most  instances  the  presence 
of  a  hard,  rounded,  median  or  paramedian  swelling  will  prove  most 
commonly  to  be  a  uterine  fibroid.  If  doubt  exists  about  the  nature  or 
relations  of  a  tumour,  examination  under  deep  general  anaesthesia  is 

useful  and  advisable.  . 

With  large  tumours  difficulty  may  arise  in  distinguishing  between  an 
ovarian  new  growth  and  a  uterine  fibroid.  The  ovarian  tumours  are  growth 
cystic  in  the  proportion  of  about  nine  to  one,  and  therefore  the^  solidity 

of  a  doubtful  tumour  of  pelvic  origin  is  in  favour  of  uterine  origin  and 
of  a  fibroid.  It  is  important  to  establish,  by  means  of  bimanual  examina¬ 
tion,  the  relation  of  the  cervix  uteri  to  the  tumour.  The  latter  should 
be  lifted  out  of  the  pelvis  by  a  hand  placed  upon  the  abdomen.  If  the 
cervix  is  raised  by  this  manoeuvre  it  may  be  accepted  that  the  new^ 
growth  is  of  uterine  origin  or  adherent  to  the  uterus.  Subperitoneal 
pedunculated  fibroids  as  a  rule  do  not  allow  of  such  a  clear  deduction, 
especially  when  the  ‘stalk’  is  long.  The  diagnosis  between  such  a  tumour 
and  an  ovarian  cyst  is  rendered  more  difficult  should  the  former  happen 
to  be  elastic  or  cystic  from  degeneration. 

With  medium-sized  fibroids,  either  within  the  pelvis  or  just  above 
the  pelvic  brim,  the  continuity  of  the  cervix  with  the  tumour  mass  is 
easily  established  by  combined  abdominal  and  vaginal  examination. 

In  cases  of  doubt  it  is  inadvisable  to  use  the  uterine  sound.  Information  too/ 
that  may  be  gained  as  to  the  length  of  the  cavity  is  not  reliable  owing 
to  distortion  of,  or  encroachment  upon,  the  cavity  by  the  tumour. 

This  statement,  however,  does  not  apply  to  the  diagnosis  of  submucous 
and  especially  polypoid  fibroids,  in  which  the  sound  may  be  of  con¬ 
siderable  value. 

In  the  diagnosis  between  submucous  or  interstitial  tumours  which 
have  produced  uniform  enlargement  of  the  uterus,  and  pregnancy  of  p^gguancy 
the  same  size,  care  is  necessary.  Consideration  of  the  menstrual  history, 
the  state  of  the  breasts  and  cervix,  and  the  presence  of  intermittent 
contractions  or  foetal  heart-sounds  will  usually  decide  the  diagnosis. 

Only  in  cases  of  deliberate  concealment  of  pregnancy  when  false 
information  upon  the  menstrual  function  is  supplied,  or  when  a  fibroid 
uterus  is  complicated  by  early  pregnancy,  is  difficulty  likely  to  arise. 

The  Aschheim-Zondek  test,  and  radiography  during  the  later  months, 
are  of  value.  Although  changes  suggesting  pregnancy  may  be  present 
in  the  breasts  and  cervix  in  a  patient  with  fibroids  in  her  uterus,  the 
degree  of  such  changes  is  important  in  diagnosis.  With  uterine  fibroids 
a  little  secretion  may  be  expressed  from  the  nipple,  or  the  cervix  may 
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even  be  a  little  softened,  but  not  to  a  degree  comparable  with  the 
conditions  during  pregnancy. 

4n  early  pregnancy,  which  has  terminated  as  a  carneous  mole  or 
missed  abortion,  may  closely  simulate  a  submucous_  myoma.  The 
organ  is  enlarged,  rounded,  and  firm,  and  the  associated  irregular 
uterine  bleeding  may  lead  to  an  error  in  diagnosis.  In  cases  of  doubt 
therefore  it  is  always  advisable  to  explore  the  uterine  cavity  under 
anaesthesia,  after  dilatation  of  the  cervix,  before  resorting  to  any 
serious  surgical  procedure.  A  uterine  souffte  is  not  uncommonly  audible 
over  a  large  interstitial  uterine  fibroid,  very  similar  to  that  heard  over 
the  pregnant  uterus.  Ovarian  tumours  are  commonly  dumb  onausculta- 

tion.  ^  j  1,  1,  • 

Cervical  and  retroperitoneal  fibroids  may  be  recognized  by  tneir 

immobility  and  the  displacement  of  adjacent  viscera  which  they  produce. 
Cervical  growths  may  almost  fill  the  pelvic  cavity  but  rarely  extend 
higher  or  as  high  as  the  umbilicus.  The  body  of  the  uterus  can 
commonly  be  palpated  on  the  summit  of  the  abdominal  tumour,  and 
care  must  be  taken  to  identify  it  as  such  and  not  to  mistake  it  for 
a  smaU  subperitoneal  fibroid.  With  both  retroperitoneal  and  cervical 
fibroids  some  difficulty  may  occur  in  recognizing  and  locating  the 
vaginal  cervix,  as  the  cervix  is  often  pulled  upwards  and  forwards 
behind  or  even  above  the  pubes.  The  anterior  vaginal  wall  is  corre¬ 
spondingly  flattened  and  lengthened.  Menstruation  is  not  affected  by 
the  presence  of  cervical  or  retroperitoneal  fibroids.  The  symptoms 
which  cause  the  patient  to  seek  advice  are  associated  with  the  mechanical 
dislocation  of  adjacent  viscera,  for  example  retention  of  urine  and 
increasing  constipation. 

Although  the  nature  of  an  abdomino-pelvic  or  pelvic  tumour  may 
be  suspected,  the  exact  diagnosis  of  a  uterine  fibromyoma  can  only 
be  made  by  expert  microscopical  examination  after  its  removal.  For 
example,  an  adenomyoma  produces  identical  physical  signs,  and  its 
precise  nature  may  be  evident  only  when  it  is  examined  on  section.  In 
the  same  way  the  various  degenerations  to  which  fibroids  are  subject 
may  be  anticipated  from  a  consideration  of  the  symptoms,  but  definite 
proof  can  only  be  supplied  after  removal. 

The  diagnosis  of  intrapelvic  uterine  fibroids  depends  in  great  measure 
upon  the  care  with  which  a  bimanual  examination  is  conducted  and 
the  interpretation  of  the  physical  signs.  A  submucous  or  interstitial 
fibroid  produces  nothing  more  than  uniform  enlargement  of  the  uterus 
which  must  be  distinguished  from  such  conditions  as  molar  pregnancy, 
chronic  subinvolution,  diffuse  uterine  fibrosis,  and  carcinoma  of  the 
corpus  uteri.  Exploration  of  the  uterine  cavity  under  anaesthesia  by 
means  of  the  gloved  finger,  uterine  sound,  or  diagnostic  curettage  may 
be  the  only  means  of  reaching  a  diagnosis.  A  subperitoneal  fibroid 
situated  in  the  recto-uterine  fossa  (pouch  of  Douglas)  or  in  one  of 
the  poster o-lateral  quadrants  of  the  pelvic  cavity  can  be  recognized 
by  its  physical  characters  and  its  relation  to  the  uterus.  These  should 
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suffice  to  distinguish  it  from  other  pelvic  swellings  such  as  a  small 
ovarian  cyst,  adherent  or  inflamed  uterine  appendages,  inflammator>' 
effusions, 'haematocele,  and  faecal  accumulations  in  the  rectum  or 
pelvic  colon. 

Submucous  myomas  in  process  of  expulsion  from  Ae  uterus  through 
the  external  os  sometimes  cause  difficulty  in  diagnosis.  The^  recognition 
of  a  smooth  rounded  fibroid  polypus  in  the  vagina  is  not  difficult  when 
the  long  pedicle  can  be  felt  in  the  cervical  canal  by  the  examining  finger. 

When  a  tumour  fiUs  the  vagina  and  has  undergone  necrotic  changes  jiasnosis 
the  resemblance  to  a  fungating  carcinoma  of  the  vaginal  cervix  may  of 

be  very  close.  Indeed,  th"e  diagnosis  may  not  be  possible  until  the  cervix 
attachments  of  the  new  growth  have  been  verified  by  examination 
under  anaesthesia,  and,  if  necessary,  removal  of  the  necrotic  growth. 

The  association  of  the  latter  with  a  profuse  stinking  discharge  com- 
monly  complicates  th.e  diagnosis  still  further. 

Care  must  also  be  taken  not  to  regard  a  submucous  fibroid  in  process 
of  extrusion  through  the  external  os  as  inversion  of  the  uterus,  and 
vice  versa.  This  mistake,  which  may  happen  during  the  puerperium  if 
the  possibility  is  not  recognized,  should  be  avoided  by  careful  bimanual 
examination  and  the  use  of  the  uterine  sound.  The  small  openings  of 
the  uterine  (Fallopian)  tubes  upon  the  surface  of  the  inverted  uterine 
body  are  diagnostic  points  of  importance  but  may  be  obscured  by 
congestion  of  the  tissues. 

The  onset  of  malignant  metaplasia  may  be  suspected  when  a  fibre- 
myoma  begins  to  grow  or  produce  haemorrhage  de  novo  after  the 
menopause.  Such  tumours  are  usually  also  tender  and  painful  on 
pressure. 

(7) — ^Treatment 

Fibroids  are  common,  but  the  discovery  of  one  of  these  tumours  by 
no  means  indicates  the  adoption  of  active  measures.  It  is  sometimes 
wise,  in  the  absence  of  symptoms,  to  withhold  information  of  the 
existence  of  a  fibroid  from  the  patient.  Only  when  the  tumour  causes 
symptoms,  or  by  reason  of  its  size  or  position  is  likely  to  cause  incon¬ 
venience  in  the  future,  is  it  necessary  to  intervene.  In  approximately 
50  per  cent  of  cases  no  therapeutic  measures  are  necessary. 

The  growth  of  fibromyomas  in  the  uterus  cannot  be  prevented,  and, 
apart  possibly  from  measures  to  promote  an  artificial  menopause,  their 
rate  of  growth  cannot  be  controlled.  The  treatment  of  these  growths 
therefore  is  either  symptomatic,  specific,  or  surgical. 

Symptomatic 

Symptomatic  treatment  may  be  required  for  the  relief  of  uterme  Tre^en^oj 
haemorrhage,  pain,  or  symptoms  caused  by  pressure  on  neighbouring 
organs.  Haemorrhage  in  the  form  of  menorrhagia  may  be  severe,  and 
appropriate  measures  should  be  taken  to  obtain  an  immediate  effect 
before  a  grave  secondary  anaemia  is  established.  In  the  control  ot 
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uterine  bleeding  associated  with  fibroids,  drugs  are  not  always  successful, 
and  ergot  in  this  connexion  is  very  unreliable.  Hydrastis  and  the  salts 
of  cotarnine  are  more  dependable  both  from  a  haemostatic  and  sedative 
standpoint.  Hydrastis  is  prescribed  as  the  liquid  extract  in  doses  of 
30  to  60  minims,  or  as  the  dry  extract  in  the  form  of  a  2-gram  pill. 
Cotarnine  may  be  administered  either  as  the  phthalate  (styptol)  or  as 
the  chloride  (styptarnin,  stypticin).  The  dose  of  styptol  is  |  grain  three 
or  four  times  daily  by  the  mouth.  In  an  emergency  cotarnine  chloride 
may  be  given  hypodermically  in  doses  of  1  to  2  minims  of  a  10  per 
cent  solution.  A  useful  and  convenient  method  of  administering 
hydrastis  and  cotarnine  together  is  in  the  form  of  tabloid  hydrastine 
compound  and  cotarnine  hydrochloride  (hydrastine  hydrochloride 
i  grain,  extract  of  ergot  B.P.  1914  i  grain,  cannabine  tannate  i  grain, 
cotarnine  hydrochloride  i  grain).  Potassium  chlorate  in  a  dose  of  5 
grains  three  times  daily  is  sometimes  valuable  in  controlling  tem¬ 
porarily  excessive  menstrual  haemorrhage  associated  with  fibroids. 
To  obtain  an  immediate  effect  in  checking  a  severe  bleeding,  reliance 
must  be  placed  upon  a  hot  vaginal  douche  and,  should  this  fail,  plugging 
the  vagina.  The  temperature  of  the  douche  must  be  at  least  116°  F., 
and  two  or  three  pints  of  an  antiseptic  solution  should  be  used.  In 
plugging  the  vagina  to  control  haemorrhage  two  important  points 
must  be  observed,  namely,  efficiency  of  the  packing  and  the  avoidance 
of  sepsis.  To  ensure  efficient  packing  the  operation  should  be  conducted 
in  a  good  light  with  the  patient  in  the  lithotomy  position.  The  fornices 
of  the  vagina  are  firmly  plugged  first  with  a  long  strip  of  bismuth  or 
iodoform  gauze,  and  the  rest  of  the  vagina  is  then  closely  packed. 
Sepsis  is  avoided  by  removing  the  plug  after  twenty-four  hours,  by 
administration  of  an  antiseptic  douche,  such  as  diluted  dettol,  before 
the  introduction  and  after  removal  of  the  gauze,  and  by  scrupulous 
attention  to  surgical  technique  even  during  an  emergency. 

Favourable  results  in  the  control  of  uterine  haemorrhage  associated 
with  fibroids  have  recently  been  obtained  by  the  use  of  synthetically 
prepared  male  hormone.  Loeser,  by  means  of  intramuscular  injections 
of  50  mgm.  of  testosterone  propionate  (perandren)  on  alternate  days 
produced  complete  cessation  of  menstruation  and  an  atrophic  endo¬ 
metrium.  He  stated  that  ‘during  the  functional  rest  in  which  the  uterus 
received  no  stimulation  by  female  hormone,  the  fibromyoma  decreased 
in  size’.  A  total  dose  of  500  mgm.  of  the  propionate  was  required  to 
effect  this  result.  Hormone  therapy  on  these  lines,  or  by  means  of 
chemically  pure  preparations  of  the  corpus  luteum  (e.g.  progestin  or 
proluton),  offers  a  promising  field  of  therapeutic  investigation  in  the 
symptomatic  treatment  of  fibroids. 

After  a  series  of  severe  haemorrhages  the  haemoglobin  may  fall 
as  low  as  25  per  cent,  and  every  effort  must  be  made  by  the  use  of 
transfusion,  iron  salts,  and  liver  extract  to  restore  the  deficiency 
before  surgical  treatment  directed  to  the  radical  cure  of  the  tumour  is 
contemplated. 
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Pain  is  not  a  common  symptom  with  uterine  fibromyoma,  but  if  Tremment 
associated  with  degeneration  or  coexisting  inflammatory  lesions  it  may 
be  relieved  by  such  measures  as  heat  applied  to  the  pelvis  in  the  form 
of  hot  prolonged  vaginal  douching,  infra-red  rays,  or  kaolin  poultice. 

Pain  resulting  from  pressure  within  the  pelvis  is  not  readily  amenable 
to  symptomatic  treatment  apart  from  the  use  of  analgesics.  Occasionally 
it  is’  possible  to  dislodge  a  fibroid  uterus  partly  impacted  in  the  pelvis 
and  place  it  above  the  sacral  promontory. 

Retention  of  urine  associated  with  an  impacted  tumour  is  most  likely 
to  occur  during  a  menstrual  period  and  is  a  clear  indication  for  sub¬ 
sequent  surgical  treatment  to  prevent  recurrence.  The  patient  should  be 
kept  in  bed  and  catheterization  carried  out  until  the  emergency  is  over. 

Specific 

The  specific  treatment  of  uterine  fibroids  includes  irradiation  of  the  Irradiation 
uterus,  either  by  X-rays  or  by  radium,  which,  in  properly  selected  cases, 
can  undoubtedly  secure  cessation  of  menstrual  and  irregular  haemor¬ 
rhage.  It  is  also  reported  that  in  some  cases  a  fibromyoma  has  diminished 
in  size  after  irradiation.  These  effects  result  mainly  from  atrophy  of 
the  ovaries  with  complete  destruction  of  the  Graafian  follicles.  They 
are  the  result  of  the  artificial  menopause  and,  like  the  menopause 
which  follows  surgical  ablation  of  the  ovaries  or  the  natural  menopause, 
are  accompanied  by  flushings  and  other  vasomotor  disturbances. 

Cases  suitable  for  X-ray  therapy  are  small  or  medium-sized  fibroids  X-ray  therapy 
in  women  of  the  menopausal  age  in  whom  uterine  haemorrhage  is  the 
predominant  symptom.  Large  tumours  palpable  above  the  pubes  and 
all  growths  in  which  degenerative  changes  or  coincident  pelvic  inflamma¬ 
tory  disease  is  suspected  are  better  dealt  with  surgically.  Treatment  by 
irradiation  has  the  advantages  that,  provided  cases  are  selected  with 
care,  there  is  no  risk  to  life  and  it  is  possible  for  the  patient  to  follow 
her  usual  activities  during  the  time  she  is  under  observation.  Irradiation 
of  fibroids  should  only  be  carried  out  by  those  who  are  equipped  with 
the  special  apparatus  required  and  who  have  the  requisite  expert  know¬ 
ledge.  The  method  is  not  without  danger  and  I  have  seen  an  extensive  Dangers  of 
epitheliomatous  ulcer  of  the  abdominal  wall  develop  on  the  site  of  a 
burn  following  the  application  of  X-rays  to  control  uterine  haemorrhage 
associated  with  a  large  abdominal  fibroid.  The  haemorrhage  had 
ceased  but  the  large  tumour  was  still  present.  Should  irradiation  fail 
and  surgical  intervention  be  required,  the  operation  is  rendered  more 
difficult  and  correspondingly  more  dangerous  by  reason  of  the  extensive 
and  often  dense  perimetric  adhesions  almost  invariably  produced  by 
X-rays. 

Radium  introduced  directly  into  the  uterine  cavity,  after  dilatation  Radium 

of  the  cervical  canal  under  anaesthesia,  is  an  alternative  radiothera- 
peutic  method  and  in  some  ways  is  preferable  to  X-ray  therapy  in 
that  its  effect  is  produced  primarily  upon  the  endometrium  rather 
than  the  ovaries,  and  there  is  no  risk  of  producing  superficial  burns. 
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50  ingm.  of  radium  bromide  with  a  filter  equivalent  to  2  mm.  of  lead 
are  introduced  into  the  uterine  cavity  in  a  tube  applicator  and  left 
for  seventy-two  hours.  The  applicator  is  sterilized  by  boiling,  and 
after  its  introduction  the  cervical  canal  and  vagina  are  packed  with, 
gauze  which  should  remain  in  situ  until  the  radium  is  removed.  An 
anaesthetic  is  not  required  for  removal  as  the  cervix  remains  open 
while  the  radium  applicator  is  in  the  uterus.  A  thread  is  commonly 
attached  to  the  applicator  to  facilitate  removal.  A  vaginal  antiseptic 
douche — not  one  containing  iodine  or  mercury — should  be  given  daily 
for  the  following  four  weeks.  Usually  one  application  of  radium,  on 
the  lines  indicated,  effects  a  permanent  cessation  of  haemorrhage; 
occasionally  a  second  application  may  be  needed. 

Surgical 

When  fibromyomatous  growths  are  so  large  as  to  produce  symptoms 
of  pressure  within  the  pelvis  or  to  form  a  tumour  palpable  from  the 
abdomen,  when  palliative  measures  fail  to  check  haemorrhage,  when 
rapidly  growing  myomas  occur  in  young  subjects,  and  when  a  new 
growth  shows  evidence  of  renewed  activity  after  the  menopause  it  is 
generally  agreed  that  surgery  offers  advantages  over  other  methods. 
With  such  indications  it  is  advisable  to  enucleate  the  growth  from 
the  uterus  (myomectomy),  or  to  remove  the  uterus  containing  the 
new  growth  either  wholly  (total  hysterectomy)  or  in  part  (subtotal 
hysterectomy). 

Although  hysterectomy  for  fibroids  has  been  practised  successfully 
for  many  years,  the  tendency  now  is  to  regard  the  conservative  technique 
of  myomectomy  as  the  operation  of  choice,  certainly  in  the  case  of 
single  growths  in  young  women.  Nearer  the  age  of  the  menopause 
and  in  the  presence  of  multiple  tumours  the  decision  is  more  debatable, 
but  even  in  the  fourth  decade  some  surgeons  prefer  the  conservative 
operation  to  a  method  which  condemns  the  patient  to  the  discomforts 
of  an  artificial  menopause. 

Myomectomy  compares  favourably  with  hysterectomy  in  primary 
mortality.  In  a  series  of  400  consecutive  cases  published  by  Bonney 
the  operative  mortality  was  1-7  per  cent.  In  741  myomectomies  per¬ 
formed  at  the  Mayo  Clinic  the  mortality  rate  was  0-9  per  cent.  The 
surgical  risk  of  hysterectomy  for  fibroids  is  between  1-5  and  2  per  cent. 
About  2-5  to  3  per  cent  of  patients  require  a  secondary  operation  after 
myomectomy  either  from  a  recurrence  of  symptoms  or  because  of 
the  growth  of  fresh  tumours:  and  ‘of  women  who  have  undergone 
myomectomy  and  are  within  the  age  of  child-bearing,  and  wishful  to 
have  a  child,  39  per  cent  may  be  expected  to  conceive’  (Bonney).  Of  the 
labours  after  myomectomy  75  per  cent  are  normal.  Caesarean  section 
being  necessary  in  the  remaining  25  per  cent.  The  conservative  operation 
should  he  performed  only  when  the  uterus  and  its  adnexa  are  otherwise 
healthy.  It  is  quite  unjustifiable,  for  example,  in  the  presence  of  associated 
pelvic  endometriosis,  perimetritis  due  to  coexistent  salpingo-odphoritis. 
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and  when  malignant  disease  is  suspected.  The  operation  may  be  per¬ 
formed  by  either  the  abdominal  or  vaginal  route.  The  vaginal  operation 
is  employed  for  the  removal  of  submucous  tumours,  especially  when 
pedunculated. 

'The  patient  is  placed  in  the  lithotomy  position  and,  after  adequate  exposure 
of  the  vaginal  fomices  with  suitable  specula,  a  transverse  incision  is  made 
in  front  of  the  vaginal  cervix  through  the  anterior  vaginal  fornix.  The  bladder 
is  dissected  upwards,  and  the  anterior  wall  of  the  uterus  sectioned  in  the 
middle-line  by  means  of  straight  scissors  from  the  external  os  upwards,  as 
high  as  may  be  required.  The  uterine  cavity  is  explored  with  the  gloved 
finger  and,  if  the  submucous  tumour  is  too  large  to  be  removed  in  toto.  its. 
size  is  diminished  to  permit  of  its  extraction  in  fragments  (morcellement). 
Before  a  fibroid  tumour  can  be  enucleated  from  the  uterine  wall,  either  by 
the  abdominal  or  vaginal  route,  it  is  necessary  to  incise  the  capsule.  Unless 
this  is  done  the  operation  may  prove  unnecessarily  difficult  and  haemorrhage 
may  be  excessive. 


Abdominal  myomectomy  should  be  performed  whenever  possible  Abdominal 
through  a  single  uterine  incision,  with  secondary  interstitial  incisions 
to  enucleate  growths  wffiich  cannot  be  reached  by  the  former.  Haemor¬ 
rhage  can  be  prevented  by  the  use  of  Bonney’s  clamp  forceps  or  by 
spinal  analgesia,  although  I  prefer  not  to  use  clamp  forceps  but  to 
deal  with  bleeding  points  seriatim  as  necessary.  This  obviates  the 
danger  of  subsequent  bleeding  from  vessels  wffiich  at  the  time  of 
operation  have  not  demonstrated  their  presence.  In  all  methods  it  is 
important  to  eliminate  by  careful  suture  all  dead  spaces  left  after 
enucleation  of  the  tumour,  to  observe  accurate  haemostasis,  and  to 
employ  only  catgut  which  in  strength,  absorbability,  and  asepsis  is 
above  suspicion. 

Hysterectomy,  either  subtotal  or  total,  is  probably  the  operation  most  Hysterectomy 
often  performed  in  the  surgical  treatment  of  fibroids,  in  spite  of  the 
advantages  offered  in  selected  cases  by  the  conservative  alternative  of 
myomectomy. 

The  subtotal  operation  with  modern  methods  of  technique  is  simple  Mortality 
and  comparatively  easy.  Whether  performed  by  the  routine  method 
or  by  the  more  rapid  technique  of  Kelly  its  mortality  is  low,  and  there 
is  little  doubt  that  the  surgeon  who  removes  only  a  few  uteri  in  the 
course  of  his  practice,  or  who  fears  trouble  with  the  ureter  or  deep 
pelvic  veins,  will  continue  to  use  it.  In  expert  hands  total  hysterectomy, 
i.e.  removal  of  both  the  corpus  and  cervix  uteri,  is,  in  the  opinion  of 
most  pelvic  surgeons,  the  better  operation.  The  mortality  is  no  higher, 
post-operative  drainage  is  better,  and  the  risk  of  carcinoma  developing 
subsequently  in  the  cervical  stump  is  eliminated.  The  latter  is  no 
theoretical  risk  as  more  than  1,500  cases  of  cancer  of  the  cervix  after  Incidence  of 
subtotal  hysterectomy  are  recorded.  In  the  course  of  twelve  months, 
three  examples  have  come  under  my  observation,  an  experience  which  stump 
would  influence  the  views  of  even  the  most  staunch  advocate  of  the 
subtotal  method.  If  the  total  operation  is  not  always  adopted  as  a 
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routine,  subtotal  hysterectomy  should  be  limited  to  nulliparae  and  to 
cases  of  uterine  fibroids  complicated  by  evidence  of  weakness  of  the 
pelvic  floor,  in  which  removal  of  the  cervix  predisposes  to  subsequent 
inversion  of  the  vagina.  It  is  usual  to  conserve  one  or  both  ovaries  if 
healthy,  but  in  practice  this  does  not  always  prevent  the  patient  from 
experiencing  the  functional  sequelae  of  suppression  of  menstruation. 

For  the  surgical  details  concerning  the  operations  of  total  and  sub¬ 
total  hysterectomy,  reference  should  be  made  to  page  488. 


SmLIPOMYOMA 

(Synonyms. — Myolipoma;  fibrolipomyoma;  lipomatosis  of  fibroids) 
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1587.]  Lipomyoma  is  a  fibromyoma  exhibiting  fatty  metamorphosis, 
or  metaplasia  of  fibrous  or  myomatous  tissue,  as  distinct  from  fatty 
degeneration. 

The  aetiology  of  the  presence  of  fatty  tissue  in  a  myomatous  uterine 
tumour  as  an  example  of  vital  activity  quite  separate  from  fatty 
degeneration  (see  p.  457)  is  unknown.  In  the  few  cases  recorded  (Ley) 
the  patients  were  parous,  middle-aged  women,  not  obese,  with  nothing 
in  the  clinical  history  to  provide  a  clue  to  the  conditions  which  favour 
this  very  rare  lesion. 

A  lipomyoma  to  the  naked  eye  presents  a  yellow  or  yellowish-white 
appearance.  The  ‘whorled’  characters  of  the  normal  fi.broid  are  lost,  or 
but  faintly  evident.  The  consistence  is  soft,  and  remains  so  even  after 
several  days’  immersion  in  a  hardening  solution.  Microscopical  examina¬ 
tion  of  frozen  sections  stained  by  Sudan  III  shows  large  fat-globules 
within  the  muscle-fibres.  The  nuclei  of  the  latter  are  retained. 

In  the  few^  records  available,  the  symptoms  appear  to  be  those 
associated  with  ordinary  uterine  fibroids.  In  Ley’s  case,  the  in¬ 
cidence  of  post-menopausal  haemorrhage  was  an  important  feature. 
The  menopause  had  occurred  six  years  previously,  and  haemorrhage 
had  been  in  progress  for  twenty-one  days  per  month  over  a  period  of 
twelve  months  before  the  patient  came  under  observation.  Lockyer’s 
patient  had  frequent  and  profuse  uterine  bleeding  for  three  years 
before  the  uterus  was  removed.  Local  pain  is  apparently  not  a  feature 
of  lipomatosis  in  fibroids,  an  interesting  observation  in  view  of  the 
tenderness  usually  associated  with  tumours  undergoing  fatty  degenera¬ 
tion. 


Diagnosis  and 

differentia! 

diagnosis 

Treatment 


The  course  and  prognosis  of  lipomyomas  appear  to  be  identical  with 
those  of  fibroids.  No  evidence  is  available  to  demonstrate  an  increased 
tendency  to  malignancy. 

Lipomatosis  in  a  fibromyoma  occasions  no  special  symptoms,  and 
its  physical  signs  are  identical  with  those  of  uncomplicated  fibroids. 
Differential  diagnosis  from  a  fibroid  is  therefore  impossible. 

In  recorded  examples,  the  lesion  has  been  discovered  after  removal 
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of  the  uterus.  The  tumour  is  benign,  and  therefore  there  is  no  reason, 
given  suitable  indications,  why  lipomyomectomy  should  not  be  adopted. 


4.-ADENOMA 

1588.]  Adenoma  is  an  epithelial  tumour  of  endometrial  origin,  due  to  Definition 
hyperplasia  of  the  uterine  glands  and  involving  either  the  corpus  or 
cervix  uteri.  In  the  corpus  two  types  may  be  recognized:  (i)  simple 
adenoma,  and  (ii)  papilliferous  adenoma.  In  the  cervix  a  simple  adenoma 
only  has  been  described. 

(1) — Simple  Adenoma  of  Corpus  Uteri 

{Synonyms. — Adenomatous  hyperplasia;  adenomatous  polypus; 
mucous  polypus) 

The  existence  of  a  true  neoplastic  hyperplasia  of  the  corporeal  endo¬ 
metrium,  as  opposed  to  the  ‘adenomatosis’  associated  with  metropathia 
haemorrhagica  (Schroder’s  disease,  see  Vol.  VIII,  p.  513)  and  some  cases 
of  chronic  inflammation  of  the  endometrium,  is  recognized.  Such  hyper¬ 
trophy  may  be  diffuse,  or  localized,  when  it  constitutes  a  mucous 
polypus.  A  true  adenoma  of  the  corporeal  endometrium  is  not  associated  Mucous 
with  evidence  either  of  abnormal  ovarian  function  or  of  chronic 
inflammation  of  the  endometrial  stroma.  The  new  growth  occurs  in 
virgins,  nulliparae,  and  multiparae,  and  the  cause  is  unknown. 

Adenoma  of  the  corpus  uteri,  whether  diffuse,  or  localized  as  an  Clinical 
adenomatous  or  mucous  polypus,  is  usually  associated  with  uterine 
haemorrhage.  Menstrual  bleeding  is  increased,  especially  with  the  dif¬ 
fuse  type  of  growth.  A  simple  mucous  polypus  commonly  produces 
a  slight  intermittent  haemorrhagic  discharge.  Abnormal  bleeding,  ex¬ 
cessive  leucorrhoeal  discharge,  and  occasional  menstrual  pain  are  the 
only  symptoms. 

Although  not  malignant,  an  adenoma  of  the  endometrium  shows  its  Course  and 
neoplastic  character  by  a  tendency  to  recur.  Symptoms  of  haemorrhage  P^’^snosis 
and  increased  discharge  are  likely  to  return  in  the  course  of  a  year 
or  so  after  curettage.  When  the  lesion  has  been  in  evidence  for 
some  time  hypertrophy  of  the  muscular  wall  of  the  uterus  is  not 
uncommon. 

The  diagnosis  is  made  by  microscopical  investigation  of  the  tissue  Diagnosis 
removed  by  curettage.  This  may  consist  of  large  fleshy  masses  which 
to  the  naked  eye  not  uncommonly  suggest  malignancy.  Under  the 
microscope  the  glands  are  enlarged  and  lined  by  simple  regular 
epithelium  and  are  separated  by  a  hyperplastic  normal  cellular  stroma 
which  does  not  show  any  evidence  of  inflammation  or  mitosis. 

In  treatment  curettage  may  be  employed  first  and  in  some  cases  will  Treatment 
suffice,  but  should  haemorrhage  recur  it  is  advisable  to  introduce  a 
tube  of  radium  into. the  uterine  cavity.  In  young  patients  a  dose  of 
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2,000  mgm.  el.  radium  hours  is  given;  in  women  approaching  the 
menopause  this  may  be  increased  to  3,500  mgm.  eL  radium  hours. 
Being  a  true  neoplasm,,  adenomatous  hyperplasia  of  the  endometrium 
is  not  likely  to  be  influenced  by  hormone  the.rapy  directed  to  the 
inhibition  of  ovarian  function. 

Mucous  polyps  which  are  pedunculated  and  protrude  through  the 
cervical  canal  into  the  vagina  may  be  twisted  off.  As  these  small  growths 
are  not  uncommonly  multiple,  it  is  advisable  to  curette  the  endometrium 
at  the  same  time.  Ail  such  polypi  should  be  submitted  to  careful 
microscopical  examination  as  occasionally  an  apparently  innocent 
growth  may  prove  to  be  carcinomatous. 

(2) — ^PapMiferoas  Adenoma 

{Synonym. — ^Villous  tumour  of  the  endometrium) 

Papilliferous  adenoma  of  the  endometrium  is  a  comparatively  rare 
uterine  lesion  allied  histologically  to  a  simple  adenoma  and,  like  the 
latter,  of  obscure  aetiology. 

The  tumour  forms  a  large  solid  papilliferous  or  polypoid  growth 
which  may  completely  fill  the  uterine  cavity.  To  the  naked  eye  it  resembles 
a  villous  papilloma  of  the  bladder  and  for  this  reason  was  termed 
villous  tumour  of  the  endometrium  by  Bland-Sutton.  The  whole  of 
the  corporeal  endometrium  may  be  involved  or  the  lesion  may  affect 
one  wall  only.  Microscopically  the  gland  tubules  of  the  endometrium 
show  much  hypertrophy  and  hyperplasia.  They  do  not  as  a  rule 
infiltrate  the  uterine  wall  and  the  epithelium  is  usually  constituted  by 
a  single  layer  of  columnar  cells.  In  some  cases  both  microscopical  and 
clinical  evidence  of  a  malignant  tendency  is  shown  by  this  growth. 
Some  of  the  tubules  show  epithelial  proliferation  and  the  nuclei  may 
be  mitotic.  In  other  cases,  though  histologically  simple,  the  adenomatous 
elements  exhibit  definite  infiltration  of  the  muscular  wall  and  the  growth 
recurs  locally.  Such  types  should  be  regarded  clinically  as  malignant. 
Papilliferous  adenoma  of  the  corpus  uteri  develops  after  the  menopause. 
The  youngest  case  on  record  was  in  a  woman  aged  52.  Its  presence  is 
indicated  by  a  more  or  less  continuous  blood-stained  discharge  which 
is  rarely  excessive.  Nulliparae  appear  to  be  more  commonly  affected 
than  multiparae.  Pain  is  not  common  and  the  only  symptom  apart 
from  bleeding  to  attract  the  attention  of  a  patient  is  the  occasional 
presence  of  a  troublesome  and  profuse  thin  serous  vaginal  discharge. 
Tie  symptomatology  is  practically  identical  with  that  of  cancer  of  the 
body  of  the  uterus,  with  which  papilliferous  adenoma  has  many  points 
in  common.  The  prognosis,  in  view  of  the  possible  local  malignant 
tendencies  of  even  histologically  benign  growths,  is  uncertain  and  it  is 
advisable  to  adopt  a  cautious  attitude. 

The  diagnosis  of  villous  tumour  of  the  endometrium  is  readily  made 
by  microscopical  examination  of  the  tissue  removed  by  curettage  in 
an  elderly  woman  who  presents  the  above  symptoms.  The  latter,  and 
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also  the  naked-eye  appearance  of  the  tissue  removed"  from  the  uterus  Diagnosis 
by  the  curette,  suggest  carcinoma,  and  it  is  not  until  the  pathological 
report  is  received  that  the  true  nature  of  the  growth  is  revealed.  Diffi¬ 
culty  may  be  experienced  in  deciding  whether  or  not  epithelial  prolifera-  Diagnosis  of 
tion  of  the  gland  tubules  is  malignant.  The  point  must  be  decided  by 
such  criteria  as  the  staining  of  the  cell,  the  presence  of  active  mitosis, 
and  evidence  of  invasion  of  the  uterine  wall  by  the  recognition  of 
muscular  elements  permeated  by  the  glandular  tubules. 

Owing  to  the  possible  malignant  tendencies  of  papilliferous  adenoma  Treatment 
of  the  endometrium,  it  is  advisable  not  to  temporize  when  the  condition 
has  been  recognized.  The  uterus  should  be  removed  by  total  hyster¬ 
ectomy,  or  the  condition  treated  by  radiotherapy  on  approved  lines 
(see  pp.  469  and  474). 

(3) — ^Adenoma  of  Cervix  Uteri 

Adenoma  of  the  cervix  uteri  is  a  benign  epithelial  new  growth  originat-  Definition 
ing  in  the  cervical  glands  of  the  uterus  and  maintaining  the  same 
epithelial  type  of  growth. 

Adenoma  of  the  vaginal  cervix  is  rare  and  few  instances  have  been  Aetiology 
recorded.  In  a  case  described  by  Lockyer,  a  possible  pre-existing 
inflammatory  factor  was  present  in  that  the  patient  was  sterile,  and 
the  cervical  tissues  surrounding  the  growth  revealed  a  well  marked 
inflammatory  reaction.  The  tumour  causes  enlargement  of  the  cervix, 
the  vaginal  surface  epithelium  being  replaced  by  a  deep  red  papillary 
and  fissured  growth.  Microscopically  the  tissue  shows  a  mass  of  Histology 
branching  tubular  spaces  lined  by  a  single  layer  of  columnar  cells  with 
basal  nuclei  and  containing  mucus.  Where  the  growth  approaches  the 
epithelial  surface  the  epithelium  is  lost  and  the  tumour  exposed. 

In  the  few  recorded  cases  the  symptoms  are  mainly  haemorrhage  and  Clinical 
vaginal  discharge.  In  Lockyer’s  case  profuse  leucorrhoea  had  been 
present  since  childhood  and  the  patient  complained  of  haemorrhage, 
bleeding  on  coitus,  and  a  constant  dragging  pain  in  the  pelvis. 

The  condition  must  be  distinguished  from  a  simple  cervical  erosion  Diagnosis 
(pseudo-adenoma),  epithelioma,  and  tuberculous  cervicitis.  The  surface 
bleeds  more  freely  than  an  erosion,  and  the  tissue  is  more  resistant 
than  a  cervical  carcinoma  and  not  friable.  Microscopy  of  an  excised 
fragment  will  confirm  the  nature  of  the  lesion. 

Vaginal  hysterectomy  has  been  performed  for  this  growth,  but  such  Treatment 
treatment  would  appear  to  be  rather  drastic  and  unnecessary  for  a 
tumour  recognized  to  be  local  and  benign.  Amputation  of  the  cervix 
should  suffice. 


5.-SARCOMA 

(1) — ^Definition 

1589.]  Sarcoma  of  the  uterus  is  a  malignant  tumour  of  mesoblastic 
origin  arising  from  the  connective-tissue  elements  in  the  uterus,  either 
in  the  body  or  cervix. 
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(2)— Aetiology 

In  common  with  new  growths  of  the  same  type  in  other  organs  the 
aetiological  causes  which  govern  the  growth  of  a  sarcoma  in  the  uterus 
are  unknown.  Various  factors,  such  as  heredity,  trauma,  chronic 
inflammation,  and  sterility,  have  been  cited  which  might  have  a  pre¬ 
disposing  influence.  No  conclusive  evidence,  how-ever,  is  available  to 
prove  the  truth  of  any  of  these  statements. 

Sarcoma  of  the  uterus  occurs  during  infancy,  but  the  first  period  of 
relative  frequency  is  during  the  early  years  of  puberty.  From  then 
onwards  the  tendency  increases  until  a  maximal  incidence  is  reached 
during  the  fifth  decade.  Sarcoma  of  the  uterus  is  therefore  essentially 
a  disease  of  the  menopause  and  to  a  less  extent  of  puberty  and  infancy. 
This  would  appear  to  indicate  a  lack  of  stability  or  imbalance  between 
the  factors  which  stimulate  and  inhibit  cell  growth.  The  influence  of 
pnadotropic  and  other  hormones  in  this  connexion  is  receiving 
increasing  attention. 

(3) — ^Morbid  Anatomy 

Sarcoma  arises  in  the  uterus  by  malignant  metaplasia  either  of  the 
connective  tissue  or  of  the  myomatous  cells  of  the  myometrium, 
the  embryonic  connective  tissue  of  the  endometrial  stroma,  or  from  the 
endothelium  of  blood-vessels  and  lymphatics  (endothelioma  and  peri¬ 
thelioma).  It  is  rare  in  the  uterus  and  constitutes  less  than  0-5  per  cent 
of  the  malignant  growths  of  this  organ.  The  corpus  uteri  is  more 
commonly  involved  than  the  cervix  in  the  proportion  of  5  to  1 .  The 
type  of  sarcoma  most  often  observed  occurs  in  the  muscle  wall  either 
as  a  primary  growth  or,  more  commonly,  as  malignant  metaplasia  in 
a  pre-existing  fibroid  (see  p.  459).  Both  ‘circumscribed’  and  ‘diffuse’ 
types  are  described. 

The  cricumscribed  constitutes  a  rounded  solid  tumour,  homogeneous 
on  section  and  dull  yellow  in  colour.  It  is  soft  and  friable,  and  this  not 
uncommonly  results  in  the  production  of  irregular  spaces  containing 
blood-stained  fluid.  Microscopically  the  growth  is  commonly  a  mixed- 
cell  type,  round  cells,  spindle  cells,  and  giant  cells  being  present  in  the 
same  tumour.  Circumscribed  sarcomas,  although  interstitial  in  origin, 
may  later  become  subserous,  or  submucous  and  polypoid,  as  is  the 
case  with  fibromyomas.  This  important  fact  emphasizes  the  necessity 
for  careful  microscopical  investigation  of  all  uterine  or  polypoid 
growths,  and  especially  those  which  recur.  Sarcomatous  uterine  polypi 
appear  to  favour  the  occurrence  of  uterine  inversion,  possibly  as  the 
result  of  infiltration  of  the  uterine  wall  by  malignant  cells.  Sarcomatous 
metaplasia  of  uterine  fibroids  has  already  been  described  (see  p.  460). 
The  diffuse  type  of  sarcoma  is  very  rare  and  causes  uniform  enlarge¬ 
ment  of  the  whole  uterus  which  may  form  a  large  tumour  resembling 
the  pregnant  organ.  The  growth  on  microscopical  section  shows  round 
cells  or  spmdle  cells  in  combination,  as  in  the  circumscribed  type. 
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Sarcoma  of  endometrial  origin  also  occurs  in  diffuse  and  circum-  Sarcoma  of 
scribed  types  but  is  much  rarer  in  this  site  than  in  the  myometrium. 

The  diffuse  form,  is  seen  most  often  near  the  fundus  uteri  and  forms  a 
soft  friable  fleshy  growth  which  eventually  involves  the  whole  endo¬ 
metrium  and  may  occlude  the  cervical  canal,  resulting  in  a  pyometra 
or  haematometra.  Histologically  a  diffuse  sarcoma  of  the  endometrium 
is  of  the  round-celled  type. 

Circumscribed  sarcoma  of  the  endometrium  occurs  (i)  as  a  nodule  Circumscribed 
which  may  become  polypoid  and  extend  through  the  cervical  canal 
into  the  vagina  where  it  forms  a  soft  red  or  grey  sloughing  tumour, 
and  (ii)  as  a  soft  vesicular  growth  in  relation  with  the  cervix  and  known 
as  ‘grape-like  sarcoma  of  the  cervix’  or  ‘sarcoma  cervicis  botryoides’.  The 
appearance  of  this  remarkable  growth  is  characteristic;  it  forms  a  mass 
of  rounded  branching  and  polypoid  growths  springing  from  the  vaginal 
surface  and  filling  the  vagina,  the  whole  resembling  a  bunch  of  grapes. 

The  soft  consistence  is  due  to  oedema,  and  the  unusual  mode  of  growth 
is  attributed  to  rapid  development  of  the  sarcoma  at  numerous  points, 
unfettered  by  pressure  by  reason  of  its  anatomical  position.  This  tumour, 
which  in  some  cases  appears  to  contain  striped  muscle  fibres  and  hyaline 
cartilage  in  addition  to  round  and  spindle  sarcomatous  cells  (‘chondro- 
rhabdomyosarcoma’),  is  highly  malignant  and  grows  with  extreme 
rapidity.  One  patient,  a  child  of  two,  died  at  the  end  of  six  weeks  from 
the  onset  of  symptoms. 

In  addition  to  the  above  types,  examples  of  ‘mixed’  sarcomas  occur  Mixed 
in  the  uterus  as  in  other  organs,  due  to  differentiation  of  the  embryonic 
type  of  sarcomatous  cell  into  tissues  of  a  higher  grade  of  development. 

In  this  manner  examples  of  myxosarcoma,  lymphosarcoma,  lipomyxo- 
sarcoma,  angiosarcoma,  chondrosarcoma,  rhabdomyosarcoma,  and 
adeno-chondro-sarcoma  are  produced. 

Endothelioma  and  perithelioma  cannot  be  recognized  from  other  Endothelioma 
types  of  malignant  uterine  tumours  by  the  naked  eye.  Microscopical 
examination  is  requisite  to  show  the  relation  of  the  columns  of  endo¬ 
thelial  cells  to  the  internal  or  external  tunics  of  the  blood-vessels. 

They  possess  a  low  grade  of  malignancy. 

Tumours  which  appear  to  show  both  sarcomatous  and  carcinomatous  Carcinoma 
tendencies  are  occasionally  found  in  the  uterus.  They  are  allied  patho-  ^^^^omatodes 
logically  to  the  endotheliomas  and  are  termed  ‘carcinoma  sarcoma¬ 
todes’. 

(4) — Clinical  Picture 

The  clinical  picture  of  sarcoma  of  the  uterus  is  similar  to  that  of  Symptoms 
carcinoma,  the  prominent  symptoms  being  haemorrhage,  discharge, 
and  pain  and  varying  with  the  type  of  case.  Thus  bleeding  and  pain 
are  earlier  and  more  severe  with  sarcomas  involving  the  endometrium 
than  with  circumscribed  interstitial  tumours.  Polypoid  growths  are 
always  associated  with  severe  irregular  bleeding  and  a  profuse  offensive 
and  watery  discharge.  Occasionally  a  large  cervical  sarcoma  exists 
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¥/it.lio?Jt  apparently  causing  any  symptoms  until  it  fills  the  vagina  and 
even  appears  at  the  wilva.  With  sarcomas  of  the  uterine  wail  the  clinical 
sympionis  and  signs  closely  resemble  those  of  fibroids.  The  uterus 
increases  in  size,  the  enlargement  at  first  being  uniform  but  later 
irre^Iar  and  nodular.  A  souffle  is  audible  over  very  vascular  tumours. 
Rapid  growth  in  a  uterine  tumour  suspected  to  be  a  myoma  should 
always  suggest  the  possibility  of  sarcoma,  especially  if  associated  with 
irregular  uterine  bleeding  (metrostaxis).  The  probability  is  greater  when 
fflese  symptoms  develop  after  the  menopause.  A  clinical  feature  of  some 
importance  is  the  early  appearance  of  such  constitutional  symptoms 
as  anaerma,  loss  of  weight,  cachexia,  and  insomnia.  These  are  rapidly 
progressive  and  out  of  proportion  to  the  primary  symptoms  of  uterine 
haemorrhage  and  discharge.  Sarcomatous  tumours  necrose  easily  and 
become  infected  with  septic  organisms.  Veit  stated  that  85  per  cent  of 
the  mortality  associated  with  sarcoma  is  the  result  of  sepsis  and 
cachexia.  Metastases,  not  only  in  the  vagina  and  uterine  adnexa  but 
also  in  the  lungs,  liver,  and  retro-peritoneal  glands,  are  common  and 
early.  The  symptoms  of  sarcomatous  metaplasia  in  relation  to  fibroids 
received  consideration  in  the  section  devoted  to  those  tumours  (see 
p.  464). 


(5)  — Course  and  Prognosis 

^Ugnancy  nialignancy  of  uterine  sarcoma  is  high  and  the  prognosis  corre¬ 

spondingly  grave.  Sarcoma  of  the  endometrium  appears  to  be  somewhat 
less  malignant  than  the  other  types,  the  average  duration  being  about 
three  years.  The  extreme  degree  of  malignancy  of  ‘grape-like  sarcoma 
of  the  cervix’  was  mentioned  on  page  477.  Probably  the  least  dangerous 
form^of  sarcomatous  tumour  is  that  which  develops  in  relation  with  a 
fibroid.  Round-celled  sarcomas  exhibit  the  highest  degree  of  malignancy 
and  giant-ceiled  growths  the  lowest.  In  some  cases  growth  appears  to 
be  held  in  abeyance  for  a  variable  time;  it  then  suddenly  develops  apace 
Metastases  and  proceeds  to  a  fatal  termination  within  a  few  weeks.  Metastases 
usually  occur  at  an  earlier  period  with  sarcoma  than  with  carcinoma. 
E^othelioma  Endothelioma  and  perithelioma  compare  favourably  with  other  types 
perithelioma  Sarcoma  as  regards  prognosis.  Patients  have  remained  well  for  over 
four  years  after  removal  of  a  uterus  containing  these  tumours. 

(6)  — ^Treatment 

Preventive  No  methods  of  preventing  the  growth  of  sarcomas  in  the  uterus  are 
known.  The  only  available  prophylactic  measure  is  surgical  removal 
of  all  large  uterine  fibroids  and  especially  those  in  which  there  is 
reason  to  suspect  degenerative  changes.  Two  per  cent  of  such  tumours 
show  early  sarcomatous  metaplasia. 

Specific^  Treatment  other  than  surgical  has  hitherto  not  been  attended  by  any 
Irradiation  great  measure  of  success.  An  occasional  cure  is  claimed  for  radio- 
therapeutic  methods,  treatment  being  on  the  same  lines  as  that  employed 
for  carcinoma  of  the  uterus  (see  p.  487).  A  case  of  ‘grape-sarcoma’  of 
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the  cervix  in  an  infant  under  my  observation  responded  to  treatment 
with  radium  and  the  child  was  alive  two  years  after  the  first  application. 

In  a  few  cases  colloidal  lead  preparations  (lead  glycine)  have  given  good  Lead 
results. 

Total  extirpation  of  the  uterus  and  its  adnexa  by  the  abdominal  route  Surgical 
as  early  as  possible  offers  the  best  chance  of  cure.  The  only  contra¬ 
indication  is  evidence  of  metastases  in  other  organs,  local  extension 
of  the  uterine  growth  to  adjacent  organs,  and  cachexia  so  extreme  as  to 
render  radical  treatment  not  only  dangerous  but  useless.  Hysterectomy 
should  be  followed  by  radiotherapy  on  ‘Erlangen’  lines. 


6-CARCINOMA 

1590.]  Carcinoma  of  the  uterus  is  a  malignant  new  growth  arising  in  Definition 
the  epithelium  of  the  uterus,  either  cervix  or  corpus,  infiltrating  the 
tissues  in  wEich  it  originates,  and  spreading  by  direct  continuity  and 
permeation  of  lymphatics  to  adjacent  organs  and  lymphatic  glands 
and  by  means  of  metastases  (emboli)  in  the  blood  and  lymphatic 
circulations  to  distant  parts  of  the  body. 

The  uterus  and  the  breast  are  the  two  organs  in  the  female  most  likely 
to  be  attacked  by  this  disease,  the  liability  being  almost  the  same  in. 
each.  It  has  been  estimated  that  of  women  who  reach  the  age  of  thirty-  Incidence 
five  and  over,  almost  4  per  cent  die  of  carcinoma  of  the  uterus.  The 
reason  for  this  high  incidence  has  been  sought  in  the  trauma  and  Predisposing 
chronic  inflammation  to  which  the  organ,  and  especially  the  cervix, 
is  liable.  That  these  are  by  no  means  always  constant  factors  is  shown 
by  the  appearance  of  cancer  in  the  corpus  uteri  and  in  the  apparently 
healthy  cervices  of  some  nulliparae.  That  the  uterus  is  subject  to  Menopausal 
senescent  changes  at  a  comparatively  early  age,  namely,  the  menopause, 
has  also  been  cited  as  possibly  of  aetiological  significance.  Cancer  of 
the  uterus,  however,  is  not  unknown  in  the  second  and  third  decades 
of  life  and  a  remarkable  instance  of  cervical  carcinoma  has  been 
recorded  in  a  child  of  two  and  a  half  years  (Adams).  Recent  investiga-  Carcinogenic 
tion  into  the  carcinogenic  properties  of  the  sex  hormones  suggests  a 
possible  relation  between  the  activity  of  these  substances  and  malignant 
growths  of  the  sex  organs,  the  uterus  and  breast.  Work  on  these  lines 
would  appear  to  ofier  a  promising  field. 

Cancer  occurs  in  the  cervix  uteri  much  more  often  than  in  the  corpus.  Relative 
Records  from  necropsies  show  an  incidence  of  95  per  cent  of  cases 
involving  the  cervix  and  5  per  cent  only  the  body  of  the  uterus;  clinical  Te^^ix 
figures,  however,  provide  a  greater  frequency  of  corporeal  cancer, 

11-25  per  cent  being  given  by  Wilson.  Carcinoma  of  the  cervix  and 
of  the  body  of  the  uterus  differ  both  pathologically  and  clinically 
in  so  many  respects  that  these  growths  are  with  advantage  considered 
separately. 
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(1)— Carcinoma  of  Cervix  Uteri 
(a)  Morbid  Anatomy 

Carcinoma  of  the  cervix  may  arise  either  from  the  epithelium  of  the 
vaginal  portion  or  from  the  mucosa  lining  the  cervical  canal,  the 
latter  being  termed  endocervical  carcinoma.  The  cervical  epithelium 
shows  a  marked  tendency  to  undergo  metaplasia,  especially  in  cervices 
which  are  the  seat  of  inflammatory  catarrh  and  endocervicitis.  The 
columnar  epithelium  lining  the  cervical  canal  normally  terminates  at 


Fig.  44.  Endocervical  carcinoma.  The  vaginal  cervix  is  fissured,  but  no  evidence 
of  extensive  malignant  invasion  is  evident  from  this  aspect.  In  {b)  is  shown  the 
same  uterus  in  sagittal  section:  note  the  extensive  involvement  of  the  cervix  by 
the  tumour,  in  spite  of  the  fact  that  little  evidence  of  such  growth  is  shown  in  {a) 

the  external  os  bat,  as  the  result  of  metaplasia  to  a  squamous  type, 
the  great  proportion  of  all  cervical  carcinomas,  including  the  endo¬ 
cervical  tumours,  are  squamous-cell  growths.  The  piecancerous  meta¬ 
plasia  sometimes  associated  with  cervical  erosion  and  ectropion  of  the 
vaginal  cervix  has  been  termed  leukoplakia’  of  the  cervix  by  Hinsel- 
mann  and  others.  By  means  of  the  colposcope,  an  instrument  which 
provides  binocular  magnification  of  the  cervical  field,  these  leucoplakic 
patches  may  be  inspected  in  the  living  subject. 

Squamous-celled  carcinoma  of  the  cervix  arises  from  the  deep  layers 
of  the  epithelmiii  and  forms  cellular  columns  which  permeate  into 
the  sub-epithehal  tissues.  The  cells  forming  these  columns  have  been 
differentiated  into  spinous,  transitional,  and  spindle-celled  forms  accord- 
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ing  to  the  particular  layer  of  spmdie-ceired  the 

Spinous-celled  carcinoma  appears  to  be  the  least  ana  p 

most  malignant  of  these  histolopca  present  cell-nests  or 

Carcinomas  of  the  cervix  uteri  do  is  due  to  the 

epithelial  ‘pearls’  as  in  ®^^al‘cervical  epithelium, 

poor  development  *e  keratin  ayer  m  n^om^^^ 

The  central  portion  of  the  epitheli  .  squamous  epithelium, 

the  formation  of  pseudo-acinous  spaces  lined  by  squan  o 

This  must  not  be  described  as  an  b,,  the  develop- 

“  rsL..-  sec...  .u 

of  a  true  adeno-carcmoma.  _  contrasted  with  Adeno- 

Adeno-carcinoma  of  the  c™  as  a  mass  of 

squamous-celled  carcinoma.  ^  sinde  layer  of  columnar 

branching  glandular  tubues  m  an ‘inverting’ or ‘everting’ 

secreting  JridoITof  growth  towards  or  away  from  the 

inaniier  according  to  tnc  ciir  .  »  _  tnp  rprvix  is  much 

centre  of  the  individual  acinus.  iias  little  tendency 

less  malignant  than  tl^-^^uamous^^ 

to  invade  the  parametrium  as  is  the  J  ^i^^.^ted  over 

noma.  In  extensive  growths  the  ^hen  obscured  by  wide- 

large  areas.  The  ^fPP“io^  obm"  sections  for 

spread  inflammatory  round-celled  _  ^  tumour  should 

microscopical  investigation  the  growing  edge  of  the  turn 

always  be  selected. 

(b)  Clinical  Picture  and  Course 

Cancel  of  the  cervix  uteri  pro- 

TgtAhfvSX"^^^^  ce™x  without  ulceration,  a  clinical 
type  seen  occasionally  in  elderly  subjects.  Proliferative 

??he  most  cohunon  —  ^  „tn“™h  forms  a  — 

called  ‘cauliflower  growth  of  the  cervix.  It  pro- 

nodular  mass  in  relation  with  either  or  both  ^P 

'sXXoTmUy  cohered  with  a  greylay^^^^^^ 

SXf”  mXXn'tlX  Superfifiallv  this  may  seem  to  be  a 

‘contact’  growth.  2 1 

e.m.  VOL.  xn 
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“m”  dceratton  into  the  vagina  ultimately  follows.  A  large 

tettowd  th*  walls  of  this  cavity  are  flush  with  the  vaginal  formas 
Ldocervieal  carcinomas  intltrate  the  parametrium 
and  in  die  later  stages,  fistulous  commonications  with  the  hladder 

^TtriSmSe  typT^f  cervical  carcinoma  is  rarer  than  the  proliferative, 
both  in  the  vagilal  portion  and  in  the  supravaginal  cervix  A  primary 
en^^  ulcer  must  not  be  confused  ivith  the  secondary  ulcera¬ 
tion  just  described  in  relation  with  endocervical  new 
hefuns  in  a  cervical  erosion,  which  it  closely  resembles  in  appearance 
hilts  early  stages.  It  spreads  slowly  as  a  fiat  ulcer  with  indurated  edges 
and  shows  little  tendency  to  permeate  the  underlying  tissues  to  y 
great  extent.  It  usually  occurs  in  elderly  subjects. 

Methods  of  spread 

All  types  of  cervical  carcinoma  spread  both  by  “ 

by  lymphatic  permeation  and  lymphatic  emboli  Indeed  the  hig 
JaliLancy  of  carcinoma  in  this  site  depends  partly  on  the 
lymphatic  system  surrounding  the  cervix.  The  first  lymphatic  gland  to 
i  imolved  is  usually  one  near  the  crossing  of  the  ureter  by  the  uterm 
artery  later,  the  iliac  and  sacral  glands  are  invaded  and  eventually  the 
lumbar,  inguinal,  and  colic  groups  may  be  implicated  In  approximately 
one-thirf  of  apparently  early  cases  the  lymphatic  system  is  found  to  be 
involved  at  operation.  Conversely,  it  is  stated  that  among  the  inoperable 
group  with  extensive  local  invasion  of  tissues  about  one-third  do  no 
show  any  evidence  of  lymphatic  spread.  These  facts  explain  why  certain 
clinically  early  cases  rapidly  progress  to  a  fatal  terminatiori  after  radium 
therapy  whereas  other  women  with  apparently  hopeless  local  grow 

are  cured.  .  , 

CUmcal  The  symptomatology  of  cervical  carcinoma  is  in  no  sense  pathog  - 

picture  monic.  Indeed,  its  initial  phases  are  free  from  symptoms  because  th  y 
depend  upon  the  secondary  necrotic  changes  arising  when  the  tumour 
has  reached  some  size.  Early  growths  are  occasionally  detected  as  the 
result  of  a  chance  examination,  e.g.  as  a  preUminary  to  treatment  m  a 
contraceptive  chnic,  or  by  the  routine  examination  of  cervices  removed 
Ht^ruarrha^e  during  operations  for  prolapse.  The  earliest 

haemorrhage,  irregular  and  unconnected  with  menstruation  whmh 
commonly  is  uninfluenced  by  the  presence  of  the  tumour.  The  bleedmg 
in  the  first  instance  is  not  severe  and  not  uncommonly  occurs  dunng 
defaecation,  traveUing  by  rail  or  motor,  and  especially  on  coitus.  The 
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latter  sjmptom  is  veo'  sipifican.  "as 

a  careful  local  investigation  of  the  gemtal 

an  initial  symptom  is  present  in  about  ^  per  ^  oischarge 

A  second  important  symptom  is  discharge.  At  first  tfiis  is 

EEHS-SSSfi 

eSSiv”  lowtli  with  pemeatioh  and  bloclage  of  lymphatics  or  co- 
'existins  hiammatio.  of  the  ‘"7”  “  d,—  - 

increase  in  severity  and  the  — 
tecomes  mote  ptofnse  and  offensive  from  extensive  necrosis, 
to  r.o  g'uoss  of  weight  and  man,  women  with  extensive 

";:7?on"77rl7dris1hown  first  by  frepuenc,  of  mictnrition  , 

wU  inter  becomes  nrgem^f^  the  -"^e 


symptoms 


pr^d^cdon^^a  vSo^'vTgTnal  fistula.  Blocking  of  a  ureter  by 

-  ksrctririrrrri^^^^^ 

up-  —  c.y  c/ 

aSeiSa  and  o7hexia.  Occasion.Uy  a  fatal  result  is  bron^  about 
hv  a  sudden  severe  haemotrhage  from  an  eroded  blood-vessel,  astmn 
fna  W^tSiTf  fte  kidneys  from  cystitis,  or  general  peritonitis  from 
inLtion  of  the  peritoneum  with  pyogenic  organisms  from  the  gem 

tract. 

Unlesstea»d,”cardnoma  of  the  cervix  uKrh  as  of 

rn"in“a  a"  tT^ll  the  firs,  appearance  «/ 

S  symp.o7.  Age,  according  to  statistics,  does  not  appear  to  tove 
the  ilfiuence  that  was  ori^^lly  tbo^hti  and  ,o.«|  pa^nti  if  an^^mg 

ft  a7a"pffnSrtfe  ii-i  sp.ndle-oelled 

:S  hfff  oVrenl-rvix.  Spinons-celled  carcinomas  of  theca^  sr»* 
flower  type  and  the  indurated  scirrhus  forms  occurring  m  elderly 
women  are  of  a  lower  grade  of  malignancy.  Epitheliomatous  ulcers  of 
the  vaginal  cervix  also  show  a  comparatively  low  power  of  extension. 

The  pro-^nosis  of  cases  submitted  to  either  radiotherapeutic  or  sui  gica 
.r“S  varies  with  the  degree  of  involvement  of  the  tissues  by  the 
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+1,  -firQt  AlS  e  bEsis  of  clESsificEtion  for  tbc 

cancerous  grow  ^  prognosis  the  grouping  adopted  by  the 

evaluation  of  treatmeni  ai  =  Section  of  the  League  of 

Radiological  Committee  ^  ^  years.  Modifica- 

N..io.s  but  here  the 

tions  have  been  ^0  ,  t,,  •  stated  as  follows.  Stage  I: 

original  scheme  is  adopted.  This  may  statea 

Ti-iia  -mjaiicTtiarit  oTOWth  IS  limited  to  trie  c  ,  ^ 

leirSfu  The  growth  has  spread  into  one  or  more  vagina 
?  with  or  without  infiltration  of  the  ntetus,  which  is  still 

fornices,  With  oarametrium  on  one  or  both  sides  is  in- 

Sf  f  d  b^noLes^i  ^owth  extending  to  the  pelvic  walls;  mobility 
of  the  titerus  is 

inliltrEted  by  cErcinomE,  ^  of  metastEses  Elthough  the  primEiy 

pelvie  igntphafie  » the  l“are  present  in  the  lower 

growth  inay  Stase  IV‘  (i)  There  is  massive  infiltration  of  the 

part  Th  ,,,,,, 

parametrium  on  infiltrated  with  fixity  of  the  primary  growth. 

i 

present  in  distant  organs.  whatever  method 

i£;JrateSca£ssubmittedtoradk^^^^ 
curabi  1  y  patients  treated  in  British  hospitals 

a  false  impression.  In  ^  ^1*  i^iose 

with  radium  between  ‘I-' eld  of  L  years.  Of  the 
in  the  early  stage  were  tdrve  and  well  ^  had  survived.  Of 

borderland  “.=Xnd  iv)  which  constituted  75  per  cent  of 

T‘'lL“mb"Srf  K  Imgioal  as  distinct  from  radiological  treatment 
opSahlllty  -tl‘ro?hisSr. 

MlS?my”(wSheto“o^mtion)  pLished  by  Bonuey  in  193^tte 

oSilityrattisgivenas63pereent.Thisfigureishighand.sprotoHy 

SSHSfliis 

akn  varies  from  51  per  cent  of  cures  m  gland-free  cases  xo  -  P 
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‘The  results  of  surgery,  succ 

from  recurrence,  are  best  |,,e  patients  operated  upon 

cancer-free  for  five  years  two  ^  ^ 

and  one  out  of  every  tour  seen  (Bonne». 

{d)  Diagnosis  and  Dijfei  ential  Dia^i^^  results  of  treatment 
It  is  of  the  utmost  importance,  “ ^  earliest  possible 
and  prognosis,  to  recognize  upon 

moment.  This  can  only  be  done  specula,  and  by 

physical  examination  aided  by  th  nresent  symptoms  suggest- 

LVsy  of  doubtful  tissues  in  of  ---= 

iag  the  possibility  of  catcmomaJo^shiA  the  ^  symptomatic 

at  a  correct  diagnosis  and  irregular 

treatment  is  reprehensible  m  Lnopausal  age,  it  is  better 

bleeding  from  uterus  at  o  of 

to  transgress  on  the  side  of  -  otherwise.  ^  , 

all  such  bleeding  as  malignant  until  it  i  P  presence  of  Physical 

I„  .h.  Lagnosis  TTrrd:  ic 

a  firm  nodular  elevated  patch,  ^  ^  ,  arouse  suspicion.  On 

surface,  and  dull  in  appearance,  should^  stinct  from  the  oozing  from 
contact  the  area  may  bleed  a  simple  erosion.  Moreover 

numerous  minute  points  associa  importance.  The 

the  tissue  is  friable,  a  diagn  ^  cervix  with  ulceration 

association  of  a  no’dular  X^^TcTnt^^^^  is^ufficient 

of  the  tissues,  friability,  and  free  of  carcinoma.  Whenever  doubt 

evidence  upon  which  to  base  ^  dia^  microscopical  investigation 

exists,  a  section  of  the  suspected  ^  Method  of 

should  be  obmined  as  soon  as  pos  ibk^^  biopsy 

thesia,  the  patient  being  oi 

cervix  exposed  by  a  ^^gmal  suspected  growth  and 

inch  in  diameter  is  excised  from  th  e  ,  pi„c  claimed  that  the  Schiller  s 

‘;Li  tamediatel,  in  n  fixing  possible  by 

diagnosis  of  eve.  •nicro^f'^ 

applying  a  solution  of  iodine  p  .  P  ppcation  is  made 

rifmS:  s^rav;»^  s 

T'^:f6t^o°a°trZr^nZ  bu.  indicates  the  areas  which  should 

be  submitted  to  microscopical  tHasnosed  from  various  morbid 

Carcinoma  of  the  cervix  uten  resemblances  and  may  lead 

conditions  of  the  cervix  which  be  ,  enlarged,  and  everted  Diagnosis 

to  confusion.  A  (Ictropion)  is  liable  to  be  mistaken  for  ^Zwpion 

as  the  result  of  obstetric  trauma 

a  malignant  growth.  ^  ^rp^ion  which  bleeds  slightly  on  contact, 

fibrosis  and  complicated  Is  pink  instead  of  purple, 

IS  llTbbSras -n  through  a  speculum  is  localized  to  a  number 
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From  erosion  of  minute  points.  The  same  applies  to  a  simple  erosion  of  the  cervix 

wthout  ectropion.  „  ui 

From  Tuberculous  ulceration  of  the  cervix  may  superficially  resemble  an 

tuberculous  gpitheliomatous  lesion,  but  the  edges  of  the  ulcer  are  less  indurated 
and  the  tissue  is  not  friable.  Spontaneous  bleeding  mth  tuberculous 


disease  of  the  uterus  is  rare. 

From  Cervical  syphilitic  chancres  may  at  first  suggest  a  malignant  growth, 

syphilitic  clinical  history  and  the  presence  of  other  syphilitic  lesions  should 

chanae  jyg^gg  prevent  an  error  of  diagnosis.  Resort  should  be  made  to  biopsy 
in  all  cases  of  doubt.  This  applies  also  to  the  examination  of  apparently 
simple  adenomatous  or  mucous  polypi  when  the  suspicion  of  ma  ig- 

nancy  exists.  •  f 

Endocervical  Endocervical  carcinoma  may  be  suspected  when  in  t  e  presence  o 

carcinoma  suggestive  symptoms,  e.g.  irregular  bleeding  and  discharge,  the  cervix, 
examined  per  rectum,  is  found  to  be  considerably  enlarged.  The  uterus 
must  be  submitted  without  delay  to  careful  investigation  under  anaes¬ 
thesia.  This  involves  dilatation  of  the  cervix  and  removal,  by  means 
of  a  sharp  curette,  spoon,  or  tissue-punch,  of  sufficient  material  for 
microscopical  investigation. 

Growths  of  Fungating  malignant- growths  of  the  vaginal  cervix  are  usually  dia- 
gnosed  without  difficulty  both  from  the  clinical  history  and  from  the 
Diagnosis  obvious  local  physical  signs,  A  necrotic  and  friable  simp  e  roi 

from  fibroid  polypus  in  process  of  expulsion  from  the  uterus  to  the  vagina  may, 
however,  occasionally  lead  to  an  error  iu  diagnosis.  Removal  of  the 
necrotic  area  and  exposure  of  normal  fibroid  structure,  with  demon¬ 
stration  of  a  pedicle  in  the  case  of  a  submucous  fibromyoma,  will 
suffice  to  mahe  the  differential  diagnosis. 


(e)  Treatment 
Freventive 

Cervical  The  prophylactic  treatment  of  carcinoma  of  the  cervix  consists  in  the 
hygiene  adoption  of  what  may  he  termed  adequate  and  sufficient  cervical 
hygiene.  There  is  little  doubt  that  the  severely  inflamed  and  deeply 
lacerated  cervix  so  often  the  result  of  obstetric  trauma,  natural  as  well 
as  surgical,  is  a  source  of  grave  potential  danger  in  this  respect.  Chronic¬ 
ally  infected  foci  should  therefore  be  removed  by  diathermy  or  other¬ 
wise;  cervical  erosions  and  chronic  endocervicitis  should  be  cured  by 
local  therapeutic  measures  or  trachelorrhaphy;  and  cervices  which  are 
so  severely  damaged  as  to  render  recovery  practically  impossible  should 
be  amputated. 

Post-natal  Thorough  routine  post-natal  examination  will  discover  many  a  cervix 
examination  ^  ^ay  favour  the  development  of  malignant  disease. 

The  early  recognition  and  treatment  of  such  diseased  cervices  is  a 
valuable  preventive  measure  against  the  growth  of  carcinoma  in  this 
site. 

In  the  section  devoted  to  the  treatment  of  uterine  fibroids  (see  p.  471), 
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emphasis  was  laid  upon  the  importance  of  total  versus  subtotal  hyster¬ 
ectomy  as  a  prophylactic  measure  against  cer\ical  carcinoma. 

Tanfer  of  the  cervix  is  treated  specifically  by  irradiation  with  y  rays  Irradiation 
aSed  lllly  by  means  of  radium  or  ‘Chaoul  short  wave’  therapy, 
and  at  a  distance  by  radium  beams,  or  Erlangen  deep  rays._ 

Radiotherapy  has  the  advantage  over  surgical  treatment  m  *at  it  is 
free  from  the  serious  initial  mortality  attached  J 

employed  for  the  radical  cure  of  cervical  cancer.  Further  its  fi^^l  ^sulte 
compare  very  favourably  with  those  obtained  with  the  latter  (see 
pp.  484  and  488).  These  results  are  only  obtainable  when  treatment  i 
carried  out  in  properly  equipped  clinics  and  by  experts  ^  t 
knowledae  not  only  of  technique  but  of  the  desiderata  and  also  possib  e 
dangers  in  the  individual  case.  To  treat  an  early' and 
with  an  inadequate  dose  of  radium,  or  whhout  the  assistance  afforded 
by  a  deep  X-ray  plant  or  radium  beam,  is  a  practice  which  cann 

^*BeforeTadiothLpy  is  applied  care  must  be  taken  to  elimnate  local 
sepsis  Irradiation  in  the  presence  of  infection  either  of  the  cervix  or  ^  ^adm- 
corpus  uteri  (e.g.  pyometra)  is  very  dangerous,  and  such  carcinomas  thetapy 
must  be  regarded  as  unsuitable  for  this  treatment.  The  ° 

haemolytic  streptococci  or  Bacillus  perfringens  is  regaled  by  some 
authorhies  as  a  contra-indication.  Irradiation  should  also  e  avoi 
in  the  case  of  extensive  growths  involving  the  rectum  or  bladder,  its 
injudicious  use  is  more  than  likely  to  be  foUowed  by  the  development 
of  fistulae.  Anaemia  and  especially  leucopenia  should  be  regarded  as 
indications  for  a  smaller  dose  of  y  rays  than  is  usually  Method  of 

Radium  is  applied  to  the  uterus  and  parametnum  in  ^  application 

sulphate  contained  in  small  platinum  tubes  0-6  mm.  m  thickness.  radium 
This  screen  will  absorb  99-9  per  cent  of  ^  rays  which,  unless  ehnunated, 
produce  necrosis  of  healthy  tissues  and  ‘radium  burns  Other  metals 
e.g.  aluminium,  lead,  brass,  copper,  and  silver,  may  f  f 
of  platinum,  but  a  greater  thickness  of  casing 

containing  the  radium  salt  are  so  arranged  m  relation  to  the  uterine 
and  para-cervical  cellular  tissues  as  to  effect  a  satisfactory  cross-fire 
of  the  rays.  Two  methods  of  application  are  in  common  use  to-day, 

namely,  the  Stockholm  and  the  Paris. 

The  basis  of  the  Stockholm  technique  is  exposure  of  the  "^^^gnant  growth 
at  freauent  intervals  to  a  large  dose  of  radium  heavily  screened  and  for  a 
cUnrt  annlication  In  a  type  case,  three  applications  of  twenty  hours  are  made, 

Ss  af.„  .K.  »,«,  a.d  th.  AM  .«» 

weeks  after  the  second.  The  total  dose  of  radium  varies  between  6,000  and 
7  000  mgm  el.  hours,  one-third  being  intra-uterme  and  two-thirds  vagmal. 
m  total  vaginal  dose  should  not  exceed  4,500  rngm.  el.  hourj  J^e 
to  the  rectum  is  to  be  avoided.  In  treatmg  cervical  caremoma  by  the  Stock 
holm  technique  it  is  convenient  always  to  have  various  applicators  adaptab 
to  the  conformation  of  the  individual  growth.  Fungatmg  cauliflower  growths 
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cannot  be  treated  by  similar  applicators  to  those  suitable  for  a  flattened 
malignant  ulcer  or  an  endocervical  growth.  Metal  tubes,  capsules,  boxes, 
and  hollow  cones  in  sections  form  convenient  media  to  contain  the  requisite 
number  of  radium  tubes  or  needles,  and  these  should  be  available  in  ^ifferen 
sizes  and  of  such  thickness  as  to  provide  the  necessary  screenage.  The  selected 
applicator  containing  the  radium  is  enclosed  before  use  in  an  envelope  of 
cotton-wool  and  oil  silk  or  india-rubber.  After  exposure  of  the  cervix  by 
means  of  suitable  retractors,  e.g.  Heyman’s,  the  external  os  is  identified 
the  cervical  canal  dilated,  and  the  uterine  tube  introduced.  The  vapnal 
applicators  are  then  carefully  placed  against  the  tumour  and  kept  in  position 
by  firmly  packing  the  vagina  with  gauze.  This  important  step  also  displaces 
the  rectum  from  the  source  of  radium  emanation  and  so  prevents  subsequent 

The  Paris  technique  adopted  at  the  Institut  du  Radium  differs  frorn  the 
Stockholm  in  that  only  one  prolonged  application  of  radium  is  made  for  a 
period  of  five  days,  a  maximal  dosage  of  8,000  ingm.  el.  hours  being  given. 
Two  platinum  tubes  T5  mm.  in  thickness  containing  13-33  mgm.  and  one 
similar  tube  containing  6-66  mgm.  of  radium  sulphate  are  introduced  in 
tandem’  into  the  uterine  cavity  in  a  rubber  container.  Three  similar  tubes 
contained  in  cork  or  wooden  applicators  are  then  placed  in  the  vaginal  vault, 
one  being  in  each  lateral  fornbc  and  the  third  against  the  vaginal  cervix.  It 
is  advisable  to  remove,  clean,  and  replace  the  vaginal  applicators  daily  to 
avoid  sepsis,  and  to  facilitate  this  the  lateral  applicators  are  attached  to  a 
metal  spring,  the  apparatus  being  termed  a  ‘colpostat’  (Lacassagne). 


Irradiation  Radium  applied  per  vaginam,  by  either  the  Stockholm  or  Paris 
of  lymphatic  j^ethods,  should  always  be  supplemented  by  irradiation  of  the  lymph- 
atic  fields  either  by  deep  Erlangen  rays  or  radium  beam.  In  the  case 
of  deep  X-rays,  six  applications  are  made  and  the  fields  so  irradiated 
that  the  beams  cross  at  the  uterus.  Voltz  at  Munich  considered  the 
optimal  dosage  unit  for  uterine  carcinoma  to  be  between  90  and  110 
per  cent  of  the  unit  skin-dose.  With  a  4-gram  radium  beam  apparatus, 
it  is  usual  to  treat  eight  fields,  two  anterior,  two  posterior,  two  lateral, 
and  two  postero-inferior.  The  application  is  made  to  one  area  only 
per  day  with  an  exposure  varying  from  three  to  ten  hours.  The  distance 
from  the  skin  is  10  cm.  and  a  screen  of  1  mm.  platinum  is  employed. 


Surgical 

Until  the  advent  of  radium,  the  only  treatment  available  for  the  cure 
of  carcinoma  of  the  cervix  was  surgical.  The  results  of  irradiation  in 
suitable  cases  are  to-day  so  good  that  irradiation  has  largely  taken 
the  place  of  operative  treatment,  but  in  some  clinics  hysterectomy, 
either  by  the  extended  abdominal  technique  of  Wertheim,  or  by  the 
vaginal  route,  is  still  regarded  as  the  method  of  election  when  possible. 
In  other  clinics  surgical  treatment  is  used  in  conjunction  with  irradiation 
with  a  view  to  radical  removal  of  the  lymphatic  field  associated  with 
the  cervix  uteri. 

Wertheim's  Wertheim’s  hysterectomy  (Wertheim,  1911)  or  hystero-colpectomy 

hysterectomy  (goume)  differs  from  total  or  panhysterectomy  iu  that  in  addition  to 
the  uterus  and  appendages,  the  cellular  tissue  in  the  broad  ligaments, 
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utero-sacral  ligaments,  and  obturator  fossae  is  removed  together  with 
partial  resection  of  the  vagina.  The  cervical  tumour  is  amoved  m  a 
Lsed  sack  of  the  latter,  to  avoid  infection  of  the  seat  of  operati  . 

TMs  is  effected  by  means  of  clamps  applied  to  me  vagina.  ^ 

The  operation  to  be  complete  and  properly  carried  out  requires  the 

skill  of  an  experienced  pelvic  surgeon.  Even  in  expert  tends  It  .sattmtM 

by  an  initial  mortality  not  lower  than  10  per  cent,  an  wi  p 
S  less  experience  thl  figure  may  easily  be  doubled.  Factors  which 
influence  the  mortality  rate,  apart  from  such  obvious  risks  as  possi 
iniurv  to  a  ureter  and  infection  of  the  peritoneum,  are  such  items  as 
unnecessary  manipulation  of  the  tissues,  clean  rapid_  dissection,  an  ^ 
avoidance  ofhaemorrhage.  Incomplete  operations  sometimes  erroneously 
called  Wertheim’s  hysterectomies  are  not  attended  by  the  same  “i 
mortality,  but  the  curabUity  rate  on  a  five-year  basis  is  correspondingly 

Vaginal  hysterectomy  as  usually  performed  is  not  so  radical  an 
operation  for  cervical  cancer  as  the  extended  hystero-colpectomy  of  - 
the  abdominal  route.  By  the  use  of  paravaginal  incisions,  however, 
good  access  can  be  obtained  to  the  deeper  parts  of  the  pelvis,  and  m 
expert  hands  the  uterus  and  appendages  can  be  cleanly  exci^^i  wi 
sufficient  parametrium  to  effect  a  radical  cure  in  properly  selected  cases. 

T'dTteed  cases  palliative  measures  only  are  possible.  To  chrf 
spontaneous  and  severe  haemorrhage  the  superficial  layers  of  a  necros¬ 
ing  fungating  growth  should  be  removed  under  anaesthesia  with  a 
curette.  The  base  may  then  be  cauterized  or  ‘"“^^ulated  by  rn^ns  of 
diathermy.  Alternatively  the  growth  may  be  exposed  fo 
to  the  action  of  a  mixture  of  equal  parts  of  acetone  and  solution  o 
iodine,  or  a  one  per  cent  dilution  of  formalin.  In  very  extensive  ^owths 
accompanied  by  much  pain  and  discharge  all  that  can  use^y  Je 
done  is  to  keep  the  surface  of  the  growth  clean  by  constant  irription 
with  antiseptic  solution  and  to  relieve  pain  by  means  of  morphine  or 
surgical  division  of  the  pre-sacral  nerve  or  the  pain  paths  in  the  spinal 
cord.  In  a  few  cases  of  advanced  growth,  irradiation  by  means 
radium  may  be  useful  in  relieving  the  patient’s  discomfort,  even  if 
cure  is  impossible.  Care  must  be  taken  to  avoid  such  treatment  when 
the  bladder  or  rectum  is  involved,  as  ffie  risk  of  producing  a  fistula 
and  increasing  the  patient’s  discomfort  is  then  considerable. 

(2)— Carcinoma  of  Corpus  Uteri 

(^Synonym. — Cancer  of  the  uterine  body) 

(a)  Morbid  Anatomy 

Cancer  involving  the  uterine  body  usually  produces  a  hyperplastic  Types 
growth  which  in  the  most  common  ‘tuberous’  type  forms  a  fleshy  mass 
of  tissue  more  or  less  filling  the  uterine  cavity.  Less  commonly  diffuse 
‘papillary’  or  localized  ‘polypoidal’  types  are  seen.  The  growth  develops 
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in  relation  with  the  endometrium,  often  in  the  upper  part  of  the  cavity, 
it  larely  spreads  beyond  the  internal  os,  and  ulceration  is  uncommon. 
The  disease  is  slow  in  development  compared  with  cervical  carcinoma, 
and  it  is  rare  for  it  to  produce  much  enlargement  of  the  uterus.  Indeed, 

L  elderly  subjects  the  uterus  may  he  quite  small.  The  organ  maintams 
its  normal  contour  unless  and  until  the  growth  permeates  the  uterme 
wall  to  the  peritoneum,  when  a  nodular  tumour  results,  somewha 
resembling  a  fibroid  uterus.  This  only  occurs  with  advanced  growths 

^OrsectS^e  tuberous  variety  presents  a  smooth  creamy-white 
appearance.  The  growth  projects  into  the  uterine  cavity  and  invades 
th?  uterine  wall  to  a  greater  or  lesser  degree.  It  is,  of  course  not 
-r^i  encansulated  Microscopically  carcinoma  of  the  corpus  uteri  is  of  th 
gLEor  .deio<arcL«  type.  Very  occajonall,  a  sqaamoae- 
celled  primary  carcinoma  has  been  described,  the  result  no  doubt, 
of  preLding  metaplastic  changes  possibly  associated  with  chronic 
inflammation.  Two  types  of  adeno-carcinoma  of  the  uterine 
recognized,  the  tubular  and  the  alveolar.  The  tubular  type  consists  of 
probating  irregular  and  closely 

Lvelop  either  in  an  ‘everting’  or  ‘inverting  manner.  The  epitheliurn 
is  columnar,  and  malignancy  is  shown  by  the  irregularity  m  disposition 
of  the  cell  nuclei,  defective  staining  properties,  and  the  presence  of 
active  mitosis.  When  no  proliferation  of  epithelium  occurs,  but  the 
eland  tubules  exhibit  a  tendency  to  invasion  of  the  fibro-muscular 
wall  of  the  uterus,  the  growth  is  termed  ‘adenoma  malignuin  .  Such 
erowths  are  difficult  to  recognize  under  the  microscope  unless  the 
Tection  shows  the  presence  of  muscle  fibres  between  the  gland  elements. 
That  the  growth  is  locally  malignant  is  shown  by  its  recurrence  after 
curettage.  In  the  alveolar  type  of  adeno-carcinoma  the  lumma  of  the 
glands  are  filled  with  many  layers  of  cells,  which  form  branching 
columns  of  growth.  Degeneration  of  the  most  central  cells  produces  the 
alveolar  appearance.  Alveolar  adeno-carcinomas  are  more  malignant 
than  the  tubular  forms. 

Cancer  of  the  uterine  body  spreads  by  direct  infiltration  of  the  uterine 
wall  The  growth  remains  limited  to  the  uterus  much  longer  than  is 
the  case  with  cervical  cancer.  Ultimately,  it  extends  through  the  uterine 
waU  to  the  peritoneal  surface.  Adhesions  are  formed  and  the  omentum 
or  even  a  coil  of  intestine  may  become  directly  involved.  Lymphatic 
spread  is  late,  the  glands  affected  being  the  lumbar,  and  occasionally 
the  inguinal,  via  the  round  ligaments.  In  fatal  cases  metastases  may  be 
found  in  such  organs  as  the  liver,  spleen,  and  adrenals.  Secondary 
growths  also  appear  occasionally  in  the  vagina,  probably  the  result  of 
lymphatic  permeation  or  emboli.  Pyometra  or  haemato-pyometra  is  not 
an  uncommon  complication  of  uterine  body  cancer,  especially  in  *0  less 
malignant  forms  in  elderly  women.  In  some  cases  the  thickness  of  the 
uterine  wall  may  be  reduced  to  a  mere  shell. 
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(b)  Clinical  Picture  and  Course 

Corporeal  cancer  occurs  in  the  nulUparous  as  well  as  the  parous 
womL.  It  has  been  estimated  that  the  incidence  in  the  former  is  as  Incidet 
hiuh  as  20  per  cent  compared  with  4  per  cent  in  cervical 
in'^the  case  of  parous  patients  fertility  is  lower  (parity  ^  or  3)  than 
with  cervical  carcinoma  (parity  5  or  6).  The  age  of  onset  is  somew  a 
later  than  with  cervical  growths,  most  cases  occurring  during  t  e  pos 
menopausal  epoch  betw'een  fifty  and  sixty.  This  does  not  rnean 
cancer  of  the  corpus  is  never  seen  before  the  menopause.  A  few  years 
ago  three  women  in  the  early  forties  with  corporeal  carcinoma^  were 
receiving  treatment  at  the  same  time  in  the  author’s  hospital 
The  symptoms  associated  with  a  carcinoma  of  the  uterine  body  are 
similar  to  those  of  cervical  cancer  with  the  important  distinction  that 
thev  are  less  obvious,  and,  consequently,  more  likely  to  overlooked 
by  both  patient  and  doctor.  The  earliest  symptom  is  a  slight  blood- 
stained  discharge  such  as  is  commonly  associated  with  a  simp  e  mucous  isc  lai 
uterine  polypus;  from  being  irregular  it  gradually  becomes  constan  , 
but  is  never  profuse.  The  discharge  is  not  offensive  and  never  purulen 
unless  pyometra  exists.  Before  and  during  the  years  of  the  menopause 
such  symptoms  may  easily  be  overlooked.  Post-menopausal  bleeding  ^^.^pausal 
however  slight,  is  so  important  a  symptom  that  it  is  more  likely  to 
impress  a  patient  and  bring  her  under  observation.  i  •  „  . 

Pain  is  not  present  in  the  early  stages,  but  the  patient  may  complain  Pam 
of  a  certain  degree  of  heaviness  in  the  lower  abdomen,  or  pelvic 
discomfort.  Even  in  advanced  cases  pain  is  not  necessarily  a  feature 
unless  the  peritoneum  or  coils  of  intestine  are  involved.  The  later  phases 
are  much  the  same  as  in  cancer  of  the  cervix.  The  discharge  becomes 
purulent  and  offensive,  haemorrhage  is  more  severe  and  prolonged, 

and  gradually  a  state  of  cancerous  cachexia  develops. 

Physical  signs  are  by  no  means  definite.  In  the  majority  of  cases  the 
uterLe  bodf  on  bimanual  examination  will  be  enlarged^  This,  how-  Sizeofuter. 
ever,  is  not  invariably  so,  and  the  size  of  the  uterus  must  be  considered 
in  relation  to  the  age  and  parity  of  the  patient._  A  small  ^te-rus  ^o^s 
not  exclude  the  possibility  of  a  malignant  focus  wffhin  its  cavity.  When 
the  uterus  is  enlarged  the  possibility  of  coexisting  fibroids  must  be 
envisaged.  Mobility  of  the  uterus  is  not  impaired  until  the  later  stages  Mob.kiy 

of  the  disease. 


(c)  Prognosis 

Without  treatment,  the  average  life  of  a  patient  with  cancer  of  he 
corpus  uteri  is  two  to  four  years  or  longer,  from  the  time  of  onset  of  the 
first  symptoms.  This  is  more  favourable  than  is  the  case  with  cancer 


of  the  cervix.  ■  ,  •  i 

With  treatment,  either  surgical  or  radiological,  a 
per  cent  at  the  end  of  five  years  may  be  anticipated, 
than  double  the  five-year  survival  rate  for  all  stages 


survival  rate  of  60 
This  figure  is  more 
of  cervical  cancer. 
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(d)  Diagnosis  and  Differential  Diagnosis 
This  usually  depends  upon  the  microscopical  examination  of  tissue 
removed  from  the  uterine  body  by  means  of  a  curette  or  spoon  after 
dilatation  of  the  cervix  under  anaesthesia.  In  the  presence  of  suggestive 
symptoms  this  most  necessary  investigation  should  never  be  delayed. 
Bimanual  examination  of  the  uterus  may  or  may  not  show  soirie  slight 
enlargement.  The  cervix  is  healthy  and,  if  the  patient  is  elderly,  may 
present  signs  of  atrophy.  The  use  of  a  uterine  sound  is  dangerous 
when  a  malignant  tumour  of  the  uterine  body  is  suspected.  The  walls 
of  the  uterus  may  be  so  soft  and  thin,  especially  when  pyometra  is 
present,  that  perforation  of  the  organ  is  a  very  real  risk.  The  only 
information  that  it  will  provide  is  knowledge  of  the  length  of  the 
uterine  cavity,  and  the  presence  of  a  lesion  which  possibly  bleeds  on 
contact.  Neither  of  these  signs  is  pathognomonic. 

Carcinoma  corporis  uteri  must  be  diagnosed  from  other  morbid 
lesions  which  cause  slight  uniform  enlargement  of  the  organ  or  are 
associated  with  slight  bleeding  and  discharge.  Such  are  senile  endo¬ 
metritis,  papilliferous  adenoma  of  the  endometrium,  adenomatous  or 
mucous  polypi,  metropathia  haemorrhagica,  submucous  fibroid  or 
fibroid  polypus,  chronic  metritis  or  fibrosis  uteri,  uterine  adeno- 
myoma,  and  retained  products  of  conception  or  carneous  mole.  In 
all  these  cases  careful  attention  to  the  clinical  symptoms,  and  the 
information  afforded  by  exploration  of  the  uterine  cavity  with  a  curette, 
or  in  some  instances  the  gloved  finger,  will  prevent  mistakes  in  diagnosis. 
Errors  in  connexion  with  the  diagnosis  of  uterine  carcinoma  are  more 
usually  those  of  omission  than  of  commission.  Important  symptoms 
are  carelessly  disregarded,  or  physical  examination  under  anaesthesia 
deferred,  no  doubt  on  occasion  in  deference  to  the  patient’s  wishes. 
These  should  never  be  allowed  to  prevail  with  so  much  at  stake. 

The  tissue  removed  from  the  uterus  by  means  of  the  curette  should 
all  he  collected,  placed  in  a  suitable  fixing  solution  (e.g.  formol-saline 
1  per  cent)  and  sent  to  a  pathologist  familiar  with,  lesions  of  the  endo¬ 
metrium.  The  diagnosis  between  benign  and  malignant  lesions  of  the 
uterus  may  be  a  matter  of  considerable  difficulty,  as  will  be  seen  by 
a  reference  to  the  microscopical  appearance  of  corporeal  carcinoma 
(see  p.  490). 

(e)  Treatment 

Cancer  of  the  corpus  uteri  cannot  be  prevented. 

Specific 

Specific  treatment  includes  the  use  of  radiotherapeutic  measures. 
Many  gynaecological  surgeons,  including  those  of  the  British  and 
French  schools,  generally  regard  corporeal  cancer,  in  common  with 
adeno-carcinoma  of  many  other  organs,  as  being  unsuitable  for 
irradiation.  The  more  highly  evolved  cell  of  the  adenomatous  growth 
is  considered  to  be  less  vulnerable  to  the  y  ray  than  the  more  primitive 
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malianaBt  cell  associated  with  squamous-celled 

vie«“is  not  held  universally,  and  in  some  chnics_  radiation  therapy  is 
employed  for  ‘bodv  cancers’  equally  with  those  invading  e 
Te  utLus  Thus  Voltz  has  recorded  66  per  cent  ‘five  year’  successes  m 
a  series  of  fortv-three  clinically  operable  patients.  Among  forty-two 
clinicallv  inoperable  patients  14-3  per  cent  were  free  from  recurrence 
atTend  of  five  years.  Heyman  at  the  Stockholm  Radiumhemm^^^^^^^^ 
also  stated  that  ‘in  view  of  our  results  we  cannot  agree 
universal  opinion  that  radiological  treatment  of  carcinoma  of  the 
uterus  cannot  compete  with  surgical  treatment’.  In  view  of  this  difference 
of  opinion  upon  the  most  suitable  therapeutic  measure,  it  w  ouW  appea 
tetTot  ,0  adopt  a  dogmatic  attUude, 

suitable  to  the  individual  case.  When  surgical  risk  is  ^rea  ^ 
of  constitutional  factors  such  as  obesity  and  age,  or  when  the  growt 
is  extensive,  irradiation  is  probably  more  suitable.  In  ^ 

co-existing  conditions,  such  as  fibroids  and  tubo-ovarian  “^nima  on 
or  when  the  growth  is  early  and  the  patient  physically  able  to  susta 
the  shock  of  an  operation,  surgical  treatment  may  be  employed  with 

a  very  reasonable  prospect  of  immediate  and  future  success.  _ 

The  irradiation  technique  is  the  same  for  both  corporeal  “d  cervical  Teclmme 
growths  (see  p.  487).  The  dose  of  radium  employed  is  from  4,300  t^o 
4  800  mgm.  el.  hours  intra-uterine;  and  1,760  mgm.  el.  i 

vagina.  This  dose  is  reduced  to  two-thirds  in  the  case  of  small  senile 

uteri. 

Surgical 

Since  carcinoma  of  the  body  is  confined  to  the  uterus  and  does  no 
invade  the  lymphatic  field  until  comparatively  late  in  its  course,  it  is 
sufficient  to  remove  the  uterus  and  appendages  alone,  ^ 

abdominal  or  vaginal  routes.  The  hystero-colpectomy  of  Wertheim 
wfih  its  dissection  of  the  ureters  and  pelvic  cellular  tissue  is  uimeces 
sary,  unless  there  is  reason  to  believe  that  the  growth  has  extende 
also  to  the  cervix — a  rare  eventuality. 

Abdominal  total  hysterectomy  would  appear  to  offer  advantages  over  Hysterectom. 
the  vaginal  route,  as  the  latter,  owing  to  nulliparity  “  POSt-nienopausa 
atrophy,  not  uncommonly  presents  technical  difficulties.  In  e  ca 
pyoLtra,  or  in  elderly  multiparae,  vaginal  hysterectomy  is 
to  the  abdominal  operation.  Whichever  route  is  adopted,  care  must 
be  taken  not  to  implant  fragments  of  the  growth  upon  the  incisions. 

Local  recurrences  are  by  no  means  unknown  when  this  precaution  is 
neglected.  The  risk  of  expressing  malignant  cells  through  the  cervical 
canal  during  the  course  of  the  operation  may  be  ^ 

insertion  of  a  suture  through  the  vaginal  cervix  to  close  the  externa 
os  as  a  preliminary  to  hysterectomy.  The  immediate  mortality  risk  of  Mortality 
hysterectomy  for  carcinoma  of  the  corpus  uteri  is  from  6  to  8  per  cent 
including  all  cases.  In  selected  series  the  risk  is  but  slightly  above  that 
associated  with  hysterectomy  for  fibroids,  namely,  1  to  2  per  cen  . 
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Reference  may  also  be  made  to  the  following  titles. 

BLINDNESS  GLAUCOMA 

EYE  EXAMINATION  MYOPIA 


l.-DEFINITION 

1591.]  The  uveal  tract  constitutes  the  middle  or  ^ 

eye  and  consists  of  the  iris,  ciliary  body,  and  choroid.  The 
thou<^h  continuous,  present  differing  clinical  pictures  in  disease  and  are 
therefore  described  separately,  but  involvement  of  one  portion  is  often 

accompanied  by  the  same  change  in  the  neighbouring  parts. 
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2.-CONGENirAL  ABNORMALITIES 

Coioboma  of  the  iris  is  a  sector-shaped  defect  situated  downwards  and 
sliahtly  inwards,  the  edges  being  smooth  and  rounded.  The_ defect  may 
continue  backwards  through  the  ciliary  body  to  the  choroid,  where  it 
appears  as  a  pale  parabolic  area  seen  witb  the  ophthalmoscope.  Rarely 
it  may  extend  as  far  as  the  optic  disk.  The  retina  over  the  affected  area 

is  also  abnormal.  .  f 

Albinism  consists  of  failure  in  development  of  the  pigment  of  the 
whole  uveal  tract  and  also  of  the  pigment  of  the  pigmented  epithelium 
of  the  retina,  associated  with  defective  pigmentation  of  the  hair  (See 
also  Vol.  I,  p.  271.)  The  chief  symptoms  are  photophobia  and  defective 
vision;  nystagmus  is  usually  present.  The  iris  appears  pale  grey,  and 
lio-ht  thrown  into  the  eye  is  reftected  through  its  meshes  as  well  as 
through  the  pupil,  giving  a  pink  reftex.  The  fundus  is  excessively  pale 
and  the  broad  choroidal  vessels  are  unusually  prominent.  The  macular 
region  is  more  vascular  than  the  rest  of  the  fundus.  Treatment  consists 
in°  he  provision  of  dark  glasses  for  relief  of  the  photophobia. 
Buphthalmos  (hydrophthalmos)  or  congenital  glaucoma  is  described 

in  Vol.  II,  p.  448 ;  and  Vol.  V,  p.  576. 

Congenital  anterior  synechia  is  an  incomplete  form  of  the  same  ma  - 
formation  and,  though  often  symptomless,  predisposes  to  glaucoma. 
Heterochromia  iridis  is  seen  as  sharply  defined  areas  of  differing  colour 
and  is  a  hereditary  pigmentary  variant;  it  is  not  of  any  pathological 

significance.  ^  ^ 

Aniridia  is  a  total  absence  of  the  iris.  The  ciliary  processes  and  sus- 
pensory  hgament  of  the  lens  are  usually  present  but  may  be  abnormal. 
Cataract  is  commonly  also  present. 

Anisocoria  or  inequality  of  the  size  of  the  pupils  is,  in  minor  degree, 
a  physiological  variant.  It  is  most  commonly  due  to  a  substantial 
difference  in  refraction  between  the  two  eyes.  In  the  acquked  forms  the 
condition  signifies  interference  with  the  iris  muscles  or  their  innervation. 
Persistent  pupillary  membrane  is  a  failure  of  complete  development 
of  the  pupil  with  persistence  of  mesodermal  strands.  These  are  seen  as 
coloured  strands  passing  from  one  part  of  the  iris  collarette  to  another 
and  often  traversing  a  small  part  of  the  pupil. 

Macular  coioboma  is  hereditary  and  usually  bilateral  and  consists  of 
an  oval  area  about  two  disk  diameters  in  extent  at  or  near  the  macula. 
The  centre  is  atrophic  and  pale,  sometimes  containing  pigment  granules, 
and  the  edges  are  heavily  pigmented.  The  retina  is  drawn  over  the  hole 
hut  may  partly  sink  into  it.  Vision  is  reduced  in  varying  degrees.  The 
pathology  is  uncertain  but  local  ischaemia  in  intra-uterine  life  may  be 
a  factor.  Arachnodactyly  (see  Vol.  II,  p.  557)  is  commonly  associated 
with  this  condition  (Sorsby).  Diagnosis  should  be  made  from  obsolescent 
macular  choroiditis  (see  p.  510). 
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3 -INFLAMiViA  i 
^1) — Aetiological  Classification 

'"Zi  Iritis  is  sometimes  classified  according  to  the  nature  of  the 

exudate  and  may  be  acute  or  chronic.  Europe  but  often  Plastic 

Plastic  ““VLTfthrE:?  The  condS^is  to  relapse 

scphilrlic  in  n  r  ^  ^  ^  ^  gelatinous  exudate  leading  to  the 

jrS  S  pos«”r  sgnechiae  and  often  to  s^lusio  pupiUae,  ins 

bombe,  and  secondary  glaucoma  (see  Vol.  though  S.m- 

“te'atS  “uch  ’arra!  due  .0  severe  ulcers  and  to  burns  of  the  cornea 

by  molten  metals  or  u-  ^  pvaemia.  Otitis  media,  Pitrulent 

purulent  most  cases.  These 

ciliary  region  or  anterior  choroid.  ...  n  cv  ^  venous  Haemor- 

Hfiemorrhasic  iritis  follows  contused  injuries  01  meg  a  ■,, -the^n 

thrombosis  of  *e  cmary 

"[“UTSmtslCin  the  senile,  -h  arteriosclerosis,  also 
gives  rise  to  this  type  of  iritis.  gj^aracteristic  of  three  chronic  Nodular 

low-grade  diiiu  ^  _  which  are  often  associated  with 

(adhesions  bemeen  he  ^ 

cyclitis  an  run  ^  circulus  arteriosus  major  and  the  circulus 

Tsionda  y  yphlS  ^  no d'es  or  papules  ooeur  usually  at  the 
minor.  In  seconaa  y  yp  .  ,  ^  arteriosus  major  near  the  outer 

E.M.  vol.  XII 
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wMcIi  are  not  necessarily  specific.  There  is  some  difference  of  opinion 
about  the  prevalence  of  tuberculous  iritis  on  these  grounds. 

A  general  aetiological  classification,  however,  can  be  made  as  follows. 

(1)  Infective:  (n)  metastatic  as  in  gonorrhoea,  syphilis,  tuberculosis, 
malaria,  conditions  of  general  septicaemia,  and  secondary  to  infection 
of  neighbouring  structures  such  as  the  teeth,  tonsils,  nasal  sinuses,  and 
middle  ear,  and  in  some  of  the  acute  exanthemata;  {b)  due  to  local 
infection  of  the  cornea,  sclera,  ciliary  body,  and  choroid,  or  by  direct 
penetrating  infection  by  injury,  (ii)  Toxaemic,  as  in  rheumatism,  gout, 
diabetes  mellitus,  and  dysentery,  and  in  severe  general  toxaemia  includ¬ 
ing  certain  specific  fevers,  (iii)  Sympathetic,  a  chronic  or  subacute 
irido-cyclitis  following  penetrating  injury,  particularly  in  the  region  of 
the  ciliary  body,  of  the  fellow  eye:  also  rarely  seen  in  prolapse  of  the 
iris  after  extraction  of  cataract  and  in  incarceration  of  the  iris  after 
spontaneous  perforation  of  a  corneal  ulcer;  the  mode  of  origin  of  this 
condition  is  still  in  dispute.  (See  Vol.  II,  p.  414.) 

Cyditis  and  choroiditis 

Cyclitis  and  choroiditis  may  be  classified  in  the  same  way  on  an 
aetiological  basis  but  are  more  commonly  classified  by  their  clinical 
appearance. 

(2)  — ^Morbid  Anatomy 

(a)  Iritis 

In  iritis  a  polymorphonuclear  or  round-celled  infiltration  of  the  stroma 
accompanies  the  vascular  congestion.  Inflammatory  transudation  into 
the  aqueous  humour  produces  a  plasmoid  aqueous  which  may  embarrass 
or  even  obstruct  the  filtration  angle  of  the  anterior  chamber;  adhesions 
form  between  the  iris  and  lens  (posterior  synechiae)  and  obstruct  the 
normal  communication  between  the  front  and  back  of  the  iris  through 
the  pupil.  When  such  adhesions  completely  surround  the  pupil  seclusio 
pupillae  arises.  The  pressure  of  aqueous  humour  behind  may  then 
bulge  the  iris  forward  (iris  bombe),  obstructing  the  filtration  angle  and 
producing  secondary  glaucoma.  Exudate  may  also  cover  the  surface 
of  the  lens  in  the  pupil  area  (occlusio  pupillae)  and  greatly  obscure 
vision.  Adhesion  between  the  iris  and  cornea  (anterior  synechia)  is  more 
rare  but  when  present  disposes  to  glaucoma.  The  rupture  of  recently 
vascularized  posterior  adhesions  by  the  use  of  atropine  may  result  in 
haemorrhage  (hyphaema)  in  the  anterior  chamber,  and  occasionally 
this  may  be  due  to  rupture  of  congested  vessels  on  the  surface  of  the 
iris.  Inflammation  in  any  considerable  degree  is  accompanied  by  involve¬ 
ment  of  the  ciliary  body  and/or  choroid. 

Resolution  of  inflammation  is  followed  by  some  degree  of  atrophy 
and  depigmentation  so  that  the  stroma  of  the  iris  may  become  thinned, 
paler  than  that  of  the  fellow  eye,  and  may  transmit  reflected  light. 
Atrophy  of  the  iris  muscles  results  in  defective  pupillary  movements. 

Bacteriological  investigation  is  rarely  available  in  iritis.  In  secondary 
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identified  locally. 

(b)  Cvclitis  ^  .  ..  , 

Cvclitis  sho«s  morbid  changes  identical  with  those  of  tnt.,  and 
differs  only  in  its  clinical  appearance  and  in  the  stgn.Scance  of  the 
anatomical  position  of  the  dUary  body  f  ™ 

The  emdates  formed  ate  thrown  into  three  positions,  (i) 

Chamber  where  they  congregate  on  the  posterior  surface  of  the  cornea 
o?«”  in  a  triangular  distribntion,  a,  the  lower  »■<«'  P”?'  ^ 

known  as  keratic  precipitates,  keratitis  punctata,  or  shortly  K-P-  ^ 
p  ^03)-  (ii)  upon  the  posterior  surface  of  the  lens  where  they  fo  _  ^ 
a  meinbrane  o^bstructing  vision  and  impairing  the  respiration  of  the 

lens  which  may  consequently  undergo  2ies 

cataractous-  and  (iii)  into  the  vitreous,  forming  fine  dust-like  opacities. 

Cvclitis  is  prone  to  relapse.  The  clinical  forms  are  dealt  wnh  as  irido¬ 
cyclitis.  A  full  description  of  the  pathology  of  irido-cyclitis  was  given 

by  Parsons. 

(c)  Choroiditis 

Difi'use  acute  choroiditis  appears  clinically  as  panophthalmitis,  the 
whSoroid  and  interior  of  the  eye  bdng  rapidly  involved  m  pyognje 
infection.  Resolution  is  accompanied  by  shrinking  of  the  S^obe  [rom 
the  contraction  of  fibrous  masses  in  the  vitreous  humour  (phthis 
bulbi)  Such  infection  is  usually  secondary  to  septic  infection  by  pene- 
toting  wounds  or  to  infection  in  the  course  of  acute  septicaemia  or 
pyaeida  Localized  acute  choroiditis  is  metastatic  and  the  pnmary 
Lurce  often  indefinite.  Sepsis  of  the  teeth,  tonsils,  or  nasal  sinuses  is 
the  most  common  source.  More  definitely  tuberculosis  and  syphihs 
ara  responsible  for  many  instances  of  choroiditis  ““ 

S&Td“g^=l-." 

degenerates  and  vision  is  consequently  affected. 

(3) — Clinical  Picture,  Diagnosis,  and  Treatment 

(d)  Iritis 

In  acute  iritis  toxaemic  signs  and  symptoms  of  general  disease  may 
be  pre^M  Pain  is  felt  in  the  eye  and  characteristically  in  the  brow  Acutepc.n 
Tnd  S“ontin«ous,  aching,  or  throbbing.  There  are  photophobia  and 
lacrimation.  Vision  is  nsnally  only  moderately  impaired,  m  contrast  to  K,»« 
tVip  trreater  loss  of  vision  in  acute  glaucoma.  ,  r  ■  i 

Th^  lids  are  often  oedematous.  There  is  congestion  of  the 
and  anterior  ciliary  vessels,  the  latter  producing  a  circum-corneal  zone 
o?  short  straight  vessels,  this  flush  being  charaeteristto  of  acute  mtis. 
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In  the  chronic  stage  the  conjunctival  congestion  may  be  absent.  The 
eye-ball  is  tender,  particularly  in  the  ciliary  region,  and  movements 

of  the  eye  are  painful.  i.  •  un 

The  cornea  may  be  slightly  hazy  in  the  acute  stage  but  is  brightly 

clear  in  the  subacute  and  chronic  stages.  The  aqueous  is  turbid  and 
may  contain  a  gelatinous  exudate.-In  severe  cases  pus  may  collect  m 
the  bottom  of  the  anterior  chamber  forming  a  hypopyon  which  shows 
as  a  <neyish-yellow  streak.  Coincident  cyclitis  is  shown  by  the  presence 
of  keratic  precipitates  (‘K.P.’)  on  the  posterior  surface  of  the  cornea. 
The  iris  is  congested  and  darker  in  colour  and  the  intricate  pattern  is 
blurred.  The  pupil  is  generally  smaller  than  normal  and  irregular  from 


Fig.  45.— (a)  Iris  bombe  and  posterior  synechiae:  anterior  view. 

(b)  Iris  bombe,  seclusio  and  ocdusio  pupillae:  sagittal  view.  Diagrammatic 


the  presence  of  posterior  synechiae  (see  Plate  XII,  a).  There  is  diminished 
mobility  in  the  reactions  to  light.  Complete  adhesion  of  the  margin 
and  posterior  surface  of  the  iris  to  the  front  of  the  lens  may  occur 
(seclusio  pupillae)  or  exudate  may  extend  across  the  pupil  and  obstruct 
it  (ocdusio  pupillae)  (see  Fig.  45,  b).  This  process  obstructs  the  passage 
of  aqueous  humour  from  behind  and  the  iris  is  bulged  forward  (iris 
hombe)  (see  Fig.  45,  a  and  i);  as  a  result  the  root  of  the  iris  is  forced 
into  the  filtration  angle  which  becomes  closed,  with  resulting  increase 
of  intra-ocular  tension.  In  some  cases  the  gelatinous  exudate  in  the 
anterior  chamber  blocks  the  filtration  angle  producing  increased  intra¬ 
ocular  tension  with  a  deep  anterior  chamber. 

Iritis  is  most  common  in  adolescents  and  younger  adults.  First  attacks 
of  iritis  after  the  age  of  forty  are  not  common  but  recurrence  of  iritis 
may  persist  to  any  age. 


c 


..  «o.c,c.L 

depismentatioo.c.Indo^dLtMu  J  ,j'^  choroiditis;  the  fimdus  detaih 

keratic  precipitates  m  focus.  .  j^aze  e  Old  disseminated  choroiditis 

are  slightly  indistinct  on  account 

(inactive) -.Stage of atrop  y.  •  detachment  of  retina  below,  g.  High  myopia, 

to  outer  side  of  disk  and  macular  haemorrhage 

PLATE  Xn 
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,  inflammation 

’ . .  .  and  may  be  almost  symptomless  Chrome 

Chronic  iritis  is  insidious  may  not  attract  attention.  The 

at  first;  pain  is  absent  or  slight  and  m^  ^r  anterior 

eye  may  be  almost  be  present.  In 

ciliary  vessels,  or  a  mild  '"temutent  ci  ^jg^t  due  to 

such  cases  the  usual  coniplam  '  jjgchiae.  A  coincident  cycbtis 

exudate  in  the  pupil  and  to  increase  and  sub- 

is  often  present.  The  “  Hs  str“ma;  consequently  the 

sequently  atrophy  with  its  fellow  (see  Plate  XII,  b). 

ThTTncidence^'orScondlry  glaucoma  may  first  attract  attention  to 

Of  P.S.  ..is  ..V  .e  va.^«e  .  ^Sf 

diseases  as  TheumaW,  “““1^^''“;  *Xea.  syphilis,  leprosy, 

diabetes  mellitus,  dysentery,  m  traces  of  past 

and  tuberculosis.  Though  the  eye  ^  with  the  presence 

involvement  may  be  found  m  ^^^h  cocaine  may  be 

of  posterior  synechiae.  Som  .  m ^jiotic.  These  adhesions, 

necessary  to  demonstrate  these  i  absorption  of  pigment, 

at  first  dark  brown,  “  exa<^cyerated  dark  edge  from  over- 

The  pupillary  margin  may  show  -  nosterior  surface  of  the  iris. 

;r;sscsr=33i*.i»5--i-“ 

-,i:'ss;;r,= .".r; ««  -  ■"  - 

the  lens  where  such  have  been  bro  en  y  ^  lype  and  Course 

The  course  of  an  attack  of  acu  e  m  attack  seldom 

degree  of  exudation  and  the  e  jc^  of  je^ 

lasts  for  less  than  two  _  incomplete  for  some  time  after  the 

irLonths.  Recovery  is  y  y  rp^env^TV  is  sbowB  by  absence 

iiis  has  resumed  its  normal  ap^ara  ,  -  ^  diminution 

of  pain  and  tenderness  and  '“H,™  „„ticed  far  back 

of  Lgestiou  of  the  -terror  «h..y  X  \«  6-  ” 
and  the  drenmmotueal  repon  is  he  to  m  ^ 

recession  of  congestion  in  ic  ^  among  the  last  signs 

Photophobia  ftotn  acu. 

StisTSly  complete  in  the 

attacks  usually  leave  permanent  defects  and 

sequelae.  .  j  .vp  formation  of  exudate  Complications 

rjhen  untr^r.ed,  or  ^  trecondar, 

proceeds  to  the  formation  0  •  ^j-echiae  produce  irregularity 

glaucoma.  In  lesser  degrees  pos  e  muscles.  Exudate  in 

of  the  pupil  and  impaired  action  ^3,  i^^crease  of  intra- 

the  filtration  angle  of  the  anterior  c  impairment  of  vision 

ocular  tension.  Occlusio  pupillae  with  of  the 

may  follow  the  collection  o  ^  ®  ^  ie^s  capsule  is  so 

lens  in  the  pupil  area  and,  if  a  major  area  oi  rn 
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glaucoma 


From  acute 
thrombotic 
glaucoma 


covered,  secondary  cataract  may  follow.  Extension  of  inflammation  to 
the  ciliary  body  often  occurs  and,  in  severe  cases,  may  spread  to  the 
choroid  when  a  general  endophthalmitis  may  result. 

A  primary  attack  of  acute  iritis  if  treated  early  and  adequately  does 
not  carry  a  serious  risk  of  severe  loss  of  vision.  The  pupil  can  usually 
he  fully  dilated  and  exudates  are  often  entirely  absorbed.  In  recurrent, 
chronic,  or  neglected  cases  with  complications,  the  prognosis  may  be 
very  serious.  Vision  is  reduced  by  organized  exudates  or  by  the  develop¬ 
ment  of  glaucoma  but  is  rarely  totally  lost.  The  coexistence  of  cychtis 
and/or  choroiditis  is  unfavourable  to  the  prognosis.  Diabetic  iritis 
carries  an  unfavourable  proposis  as  does  infection  elsewhere  when 
complicated  by  diabetes  mellitus.  (See  also  p.  506.) 

Acute  congestive  glaucoma  is  the  most  important  disease  likely  to  be 
confused  with  iritis.  The  points  of  difference  may  be  summarized  thus. 
The  onset  of  glaucoma  is  often  marked  by  acute  pain  in  the  brow  and 
head  and  vomiting  without  other  general  symptoms.  Loss  of  vision  is 
extreme  and  very  rapid,  but  there  may  have  been  premonitory  attacks 
of  transient  obscuration  of  vision  lasting  only  a  few  minutes.  Rings  or 
haloes  of  the  colours  of  the  spectrum  may  be  seen  round  lights  but 
usually  the  complaint  is  of  a  fog  or  mist.  The  intra-ocular  tension  is 
raised.  Supra-orbital  pain  is  usually  moderate,  as  are  ciliary  and  con¬ 
junctival  congestion  which  are  sometimes  slight.  The  cornea  is  diffusely 
and  evenly  hazy  from  oedema  of  its  layers,  but  without  keratic  pre¬ 
cipitates.  The  anterior  chamber  is  shallow  and  the  pupil  inactive  and 
semi-dilated  with  the  vertical  diameter  often  greater  than  the  horizontal. 
The  margin  of  the  pupil  is  regular  and,  except  in  thrombotic  cases,  does 
not  show  posterior  synechiae.  The  iris  is  congested,  and  the  lens  gives 
a  greenish  reflection  on  focal  illumination.  In  the  initial  acute  attack 
the  fundus  may  he  invisible  on  account  of  corneal  oedema  but,  if  seen, 
the  optic  disk  is  not  cupped.  In  subsequent  attacks,  or  in  chronic 
glaucoma,  the  disk  is  cupped  and  atrophic.  On  no  account  should 
atropine  be  used.  The  age  is  usually  over  forty,  the  sex  commonly 
female.  (See  also  Vol.  V,  pp.  580  and  583.) 

Acute  thrombotic  glaucoma  often  follows  thrombosis  of  the  central 
retinal  vein,  occurs  predominantly  in  obese  hypertensive  subjects 
between  the  ages  of  55  and  75  years,  but  closely  resembles  acute  iritis  in 
many  ways;  pain  is  constant  and  severe.  There  may  be  transudation 
from  the  iris  with  formation  of  posterior  synechiae;  congestion  of  the 
iris,  conjunctiva,  and  ciliary  region  is  prominent,  the  vessels  of  the  iris 


being  engorged  and  varicose. 

From  acute  _  Acute  conjunctivitis  is  distinguished  by  the  absence  of  congestion  of 

conjunctivitis  anterior  cdiary  vessels,  by  the  clear  anterior  chamber,  and  by  the 
normal  colour,  pattern,  and  mobility  of  the  iris,  by  the  normal  shape 
and  reactions  of  the  pupil,  and  by  the  presence  of  conjunctival  con¬ 
gestion  and  of  a  sero-fibrinous  or  muco-purulent  discharge  from  the 
conjunctival  sac. 

Acute  episcleritis,  scleritis,  and  keratitis  show  the  characters  of  a 
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normal  iris  but  there  is  engorgement  of  the  anterior  ciliarj-  vessels  and  From 
oedema  of  the  episcleral  tissue.  Episcleritis  is  often  confined  to  a  sector 
of  the  globe  and  extends  backwards  for  some  distance.  Scleritis  may  be  sderiiis 
sharplv  localized  in  patches,  and  evidence  of  previous  attacks  may  be 
shown  by  thinning  of  the  sclera  and  slaty-blue  areas  where  the  under- 
lying  uvea  shows  through.  Keratitis  shows  opacity  or  vascularization 
of  the  cornea  and  possibly  ulceration.  In  severe  cases  of  these  diseases 
there  is  commonly  some  degree  of  associated  iritis. 

(b)  Cyclitis 

Acute  cyclitis  accompanies  most  severe  cases  of  iritis.  Clinically  the  Acute 
signs  and  symptoms  correspond  in  most  respects  to  those  of  iritis  but 
there  may  be  greater  tenderness  over  the  ciliary  region.  The  char¬ 
acteristic  sign  is  the  presence  of  keratic  precipitates,  consisting  of 


Fig.  46.— (a)  Irido-cyclitis:  showing  posterior  synechiae_  and  keratic  precipitates. 

W)  Cyclitis:  sagittal  section:  showing  position  of  keratic  precipitates  on  back  of 
cornea,  (c)  Irido-cyclitis:  with  mutton-fat  keratic  precipitates  (possibly  tuberculous 
aetiology) 

aggregations  of  dead  leucocytes  deposited  upon  the  back  of  the  cornea. 

‘K.P.’  may  be  extremely  fine  and  translucent  and  only  visible  by  careful  ‘KP.’ 
observation  with  the  aid  of  oblique  focused  illumination  and  a  loupe. 

The  spots  are  usually  grey  but  sometimes  brownish;  the  distribution 
may  be  diffuse  but  is  characteristically  most  prominent  in  the  lower 
part  of  the  cornea  extending  upwards  towards  the  centre  of  the  cornea 
to  end  in  a  point,  thereby  having  a  triangular  shape,  apex  upwards 
(see  Plate  XII,  a,  b,  and  c,  and  Fig.  46,  a  and  b).  The  aqueous  is  turbid. 

Exudate  is  also  present  on  the  anterior,  and  especially  the  posterior, 
surface  of  the  lens,  and  cells  extruded  into  the  vitreous  produce  a 
haze  of  varying  density.  These  exudates  obscure  vision,  the  loss  of 
vision  being  more  severe  in  degree  and  tending  to  be  more  persistent  than  Loss  oft. 
in  iritis. 

Chronic  cyclitis  or  subacute  relapsing  cycUtis  presents  a  separate  Chronic 
clinical  picture  though  some  degree  of  iritis  or  anterior  choroiditis 
is  probably  always  present.  The  disease  is  insidious  in  that  pain, 
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photophobia,  lacrimation,  and  injection  of  vessels  may  be  absent  and 
slowly  increasing  failure  of  vision  may  alone  at  last  attract  the  patient’s 
attention.  For  this  reason  the  condition  is  serious,  since  treatment  may 
be  long  delayed. 

As  a  complication  of  acute  iritis  a  mild  degree  of  cyclitis  is  not  of 
very  serious  significance  and  usually  undergoes  complete  resolution 
with  the  iritis  under  adequate  treatment.  Recovery  is  indicated  by 
diminution  of  the  number  and  shrinking  of  spots  of  keratic  precipitates 
which  show  crenellate  edges.  Cyclitis  as  the  major  infection,  however, 
runs  a  prolonged  course  and  is  prone  to  relapse. 

Three  to  nine  months  is  a  satisfactory  period  in  which  to  secure 
quiescence,  but  obstinate  cases  defy  treatment  for  as  many  years  and 
sometimes  longer.  As  the  ciliary  body  forms  the  major  portion  of  the 
vascular  coat  of  the  eye,  vascular  transudation  is  on  a  more  generous 


(a) 


Fig.  47. — (a)  and  [b)  Nodular  iritis:  {a)  tuberculous;  (/?)  syphilitic,  secondary  stage, 
(c)  Cyclitis  complications:  vitreous  opacities  and  posterior  lenticular  exudate 

scale  so  that  absorption  is  slow  and  often  incomplete.  The  response  to 
treatment  is  often  unsatisfactory  and  the  prognosis  correspondingly  poor. 

The  transudations  from  the  ciliary  processes  into  the  anterior  chamber 
may  form  a  very  dense  film  of  keratic  precipitates  which,  if  permanent, 
obstruct  vision  severely.  The  anterior  surface  of  the  lens  is  less  com¬ 
monly  involved;  the  posterior  surface  is  more  often  affected,  and  the 
exudates  may  form  a  dense  membrane  adherent  to  the  lens  which  may 
so  impair  the  osmosis  through  the  lens  capsule  as  to  cause  degeneration 
of  the  lens  fibres  and  secondary  cataract.  The  exudate  into  the  vitreous 
produces  a  haze  of  varying  density  in  the  acute  stage,  thus  impairing 
vision  (see  Fig.  47,  c).  In  the  chronic  stage  subsequent  fibrosis  of  the 
vitreous  and  diminished  activity  of  the  ciliary  processes  from  atrophy 
may  cause  disorganization  of  the  globe  with  shrinking  (phthisis  bulbi). 
These  cases  almost  always  have  advanced  from  cyclitis  to  generalized 
uveitis.  In  lesser  degree  shrinking  of  the  vitreous  may  result  in  detach¬ 
ment  of  the  retina  of  an  intractable  type.  Cases  in  which  extension  of 
the  inflammatory  process  involves  the  whole  uvea  are  very  grave  and 
are  often  accompanied  first  by  a  condition  of  secondary  glaucoma  and 
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later  by  decreased  intra-ocular  tension;  in  cases  of  endophthalmitis  di¬ 
vision  is  often  totally  lost. 

The  prognosis  in  cyclitis  is  worse  than  in  iritis  and  choroiditis  because  Prognosis 
its  progress  may  be  considerable  before  attracting  attention,  it  is 
resistant  to  treatment,  subject  to  relapses,  in  aetiology  even  more 
indefinite  than  iritis,  and  its  complications  are  far  more  damaging  to 


vision. 

(c)  Special  Forms  of  Irido-Cyclitis 
In  cases  of  irido-cyclitis  aetiological  factors  are  uncertain,  but  in  some 
cases  the  clinical  picture  is  sufficiently  characteristic  to  justify  a  pre¬ 
sumptive  classification. 

Tuberculous  irido-cyclitis  is  usually  chronic  with  subacute  exacerba-  Tuberculous 
tions,  is  extremely  persistent,  and  liable  to  recurrence.  Anterior  choroid¬ 
itis  often  co-exists  and  sometimes  is  more  diffuse  or  accompanied  by 
a  retinal  periphlebitis.  The  disease  is  insidious  in  onset  and  often 
remains  unnoticed  for  some  time.  The  iritis  may  be  diffuse,  or  nodular. 

In  the  diffuse  type  extensive  posterior  synechiae  form  and  are  extremely 
tenacious,  and  iris  bombe  may  result  from  ring  synechiae.  In  the 
nodular  type  the  nodules  are  most  commonly  seen  in  the  angle  of  the  Nodular  type 
anterior  chamber  in  relation  to  the  circulus  major  and  are  usually 
confined  to  the  outer  half  of  the  iris  (see  Fig.  47,  a)\  they  are  greyish- 
yellow  and  about  the  size  of  a  pin’s  head.  They  may  break  down 
and  produce  erosion  or  holes,  and  resolution  is  accompanied  by  thin¬ 
ning  of  the  stroma  in  localized  areas.  The  keratic  precipitates  may  be 
diffuse  and  of  the  usual  distribution,  when  they  are  not  distinctive, 
but  sometimes  are  few  in  number,  large,  and  yellowish — so-called 
mutton-fat  ‘K.P.’  (see  Fig.  46,  c)— and  these  cases  strongly  suggest  'K.p: 
tuberculosis.  Vitreous  opacities  are  dense  and  slow  to  resolve  even 
when  there  is  a  response  to  treatment,  but  many  cases  are  not  influenced 
by  treatment.  Treatment  should  be  prolonged  for  months  after  the 
disappearance  of  all  vitreous  and  aqueous  opacities  as  a  precaution 
against  relapse. 

Bilateral  irido-cyclitis  accompanied  by  bilateral  enlargement  of  the  Uvea-  ^ 
parotid  gland  constitutes  the  syndrome  of  uveo-parotitis.  The  parotids 
are  of  a  firm  woody  consistence,  painless,  and  not  tender;  salivation 
is  not  increased  as  in  mumps,  and  the  other  salivary  glands  are  rarely 
involved  as  in  Mikuhcz’s  disease  (see  Vol.  IX,  p.  454).  There  is  a  shght 
evening  rise  of  temperature  during  the  stage  of  parotid  enlargement. 

The  irido-cyclitis  is  not  characteristic.  A  full  account  of  this  syndrome 
was  given  by  Garland  and  Thompson,  and  it  has  been  suggested  that 
it  is  associated  with  some  lesions  of  the  central  nervous  system  (Felling 
and  Viner).  The  parotid  condition  responds  well  to  light  doses  of 
X-rays;  the  irido-cyclitis  should  receive  the  usual  treatment  of  tuber-  . 
culous  irido-cyclitis  (see  p.  507). 

In  association  with  syphilide  or  tuberculide  of  the  face  an  intractable  Dermatosis 
chronic  irido-cychtis  sometimes  occurs. 

In  secondary  syphilis  there  may  be  a  sero-fibrinous  irido-cyclitis  of  Syphilitic 
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the  ordinary  type.  Its  incidence  in  western  Europe  appears  to  be 
diminishing  but  it  is  still  common  elsewhere.  In  the  secondary  stage 
nodular  iritis  also  occurs,  the  nodes  being  chiefly  on  the  inner  half  of 
the  iris  and  characteristically  on  the  pupillary  margin  (see  Fig.  47,  b). 
Deep-seated  nodes  occur  but  do  not  attract  attention  so  readily. 
Cyclitis  is  less  frequent  and  less  prominent  than  in  tuberculous  cases, 
and  anterior  choroiditis  still  less  frequent.  Interstitial  keratitis  of  any 
severity  is  accompanied  by  some  degree  of  iritis. 

Gonococcal  iritis  is  pre-eminently  plastic  and  produces  a  gelatinous 
exudate.  Synechiae  are  numerous  and  occlusio  and  seclusio  pupillae 
are  common.  Relapses  are  characteristic.  The  condition  is  essentially 
septicaemic  and  is  often  accompanied  by  arthritis  of  the  same  aetiology. 
Keratic  precipitates  are  rare. 

Metastatic  iritis  secondary  to  septic  foci  is  more  frequent  in  diabetes 
mellitus,  hut  is  not  truly  diabetic  in  pathology.  Diabetes  mellitus, 
however,  induces  a  haemorrhagic  iritis  in  which  the  vessels  of  the  iris 
are  extremely  varicose;  these  cases  show  also  vitreous  opacities  and 
degeneration  in  both  the  retina  and  choroid. 

When  herpes  zoster  involves  the  naso-ciliary  branch  of  the  ophthalmic 
division  of  the  trigeminal  nerve,  severe  irido-cyclitis  is  very  liable  to 
develop.  The  absence  of  normal  vascular  tone  and  of  trophic  impulses 
makes  this  type  exceedingly  resistant  to  treatment  and  the  prognosis 
is  grave.  Hypotension  or  hypertension  of  the  globe  is  a  common 
accompaniment.  (See  also  Cornea,  Injuries  and  Diseases,  Vol.  Ill, 
p.  430.) 

Sympathetic  irido-cyclitis  occurs  in  a  healthy  eye  following  perforating 
injury  of  the  fellow  eye,  sometimes  after  a  latent  quiescence  of  years 
but  usually  within  two  to  six  months.  (See  Blindness,  Vol.  II,  p.  414.) 
During  the  acute  stage  the  patient  should  remain  in  bed  in  a  darkened 
room  for  one  to  two  weeks.  Diaphoretics  and  diuretics  are  useful  and 
the  bowels  should  be  kept  gently  open.  Diet  should  be  full  but  digestible. 
Local  medicinal  treatment  aims  at  rest,  warmth,  and  diminution  of 
vascular  congestion.  Atropine  sulphate  0*5  to  1  per  cent,  in  the  form 
of  drops  or  ointment,  is  put  into  the  eye  every  three  hours  at  first 
and,  when  dilatation  of  the  pupil  has  followed,  continued  twice  a  day. 
Drops  of  cocaine  hydrochloride  solution  2  per  cent  relieve  pain  and 
enhance  the  action  of  atropine.  Synechiae  resisting  atropine  may  be 
broken  down  by  subconjunctival  injection  of  5  minims  of  mydricaine 
or  by  the  instillation  of  laevo-glaucosan.  Heat  is  applied  either  by  hot 
bathing  for  twenty  minutes  four  or  five  times  daily  or  by  electric  heaters 
or  charcoal  boxes  fox  similar  periods.  Diminution  of  congestion  is  also 
assisted  by  the  application  of  two  leeches  to  the  temple;  this  treatment 
is  especially  valuable  in  cases  with  gelatinous  exudate  into  the  anterior 
chamber,  and  whenever  the  intra-ocular  tension  is  raised.  Leeches  may 
be  applied  every  forty-eight  hours  till  the  anterior  chamber  is  free 
from  exudate  or  the  intra-ocular  tension  has  fallen.  In  the  absence  of 
leeches  blistering  of  the  temple  by  cantharidin  is  a  good  substitute. 
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In  very  obstinate  cases  with  increased  tension  the  effect  of  diathermy 
is  often  dramatic;  the  application  to  the  lids  should  be  for  ten  to 
fifteen  minutes,  using  a  current  of  about  600  kilocycles  and  400  to 
600  milliamperes;  the  treatment  may  he  repeated  daily  for  a  week  or 
more.  Lowering  of  tension  is  greatest  some  six  to  twelve  hours  after' 
the  treatment. 

The  prolonged  use  of  atropine  may  ultimately  lead  to  a  condition  of  Atropine 
allergic  hypersensitivity  of  the  conjunctiva  and  of  the  skin  of  the  lids 
and  face.  First  apparent  as  a  follicular  swelling  of  the  conjunctiva  of 
velvety  appearance,  it  rapidly  involves  the  skin  of  the  lids  and  face 
in  a  brawny  oedema.  In  patients  with  atropine  irritation  the  atropine 
should  immediately  be  stopped  and  scopolamine  used  instead,  but  they 
may,  in  due  course,  develop  a  similar  sensitivity  to  the  latter  alkaloid. 

The  sensitivity,  once  acquired,  persists  throughout  life  and  will  recur 
acutely  on  the  first  administration  of  these  drugs  even  after  a  lapse  of 
years.  Mydricaine,  however,  by  subconjunctival  injection,  may  be  given 
without  incurring  the  allergic  response. 

Pain  is  relieved  by  atropine  and  cocaine,  by  heat,  and  especially  by  Local  and 
using  leeches,  and  is  assisted  by  giving  15  grains  of  aspirin  three  times 
a  day  or  three  compound  aspirin  tablets  thrice  daily.  In  severe  cases, 
morphine  sulphate  ^  grain  may  be  injected  at  the  beginning  of  treat¬ 
ment,  but  two  leeches  are  usually  more  efficacious.  Ten-minim  doses 
of  tincture  of  gelsemium  may  be  given  if  supra-orbital  referred  pain 
is  very  severe.  Photophobia  is  relieved  by  darkening  the  room,  a  shade 
for  both  eyes,  or  darkened  spectacles. 

Treatment  of  the  underlying  cause  is  important.  Septic  foci  should  be  Treatment  of 
eradicated  but  with  discretion  and  with  due  consideration  rather  than 
as  a  routine,  because  a  flare-up  may  follow  the  sudden  release  of  sepsis. 

Such  foci  should  be  left  alone  till  the  acute  phase  of  the  eye  condition 
has  passed.  The  general  disease  of  which  irido-cyclitis  is  often  but  a 
manifestation  requires  close  attention;  in  this  connexion  toxaemia  must 
be  treated  on  general  grounds,  and  has  an  important  effect  on  the  course 
of  the  ocular  condition.  The  diathesis  of  the  patient  may  be  helpful  in 
otherwise  obscure  cases.  Specific  general  treatment  is  indicated  when  a 
clinical  type  of  irido-cyclitis  can  be  recognized.  Clinically  many  cases 
improve  on  injections  of  tuberculin  or  neoarsphenamine,  but  it  is 
doubtful  if  their  effect  is  specific.  This  response  to  treatment  has  led 
to  confusion  and  the  assumption  of  unproven  aetiology,  so  that  the 
incidence  of  tuberculous  or  syphilitic  irido-cyclitis  varies  very  widely 
with  different  authorities  (Foster  Moore;  Urbanek). 

Antituberculous  injections  consist  of  the  use  of  O.T.  (old  tuberculin).  Specific: 
T.R.  (tuberculin  residue),  or  B;E.  (bacillary  emulsion).  In  these  the 
initial  doses  must  be  very  small,  T.R.  mgm.  and  B.E.  0*00001 

mgm.,  and  gradually  increased  over  a  period  of  three  to  five  months 
to  a  full  dose  of  1  mgm.  The  maximal  dosage  employed  by  many 
authorities,  however,  is  0*25  mgm.  Care  must  be  taken  to  avoid  local  or 
general  unfavourable  reactions  by  too  abrupt  an  increase  in  dose.  This 


508 


UTEAL  TRACT  DISEASES 


[vOL.  Xll 


Anti- 

syphilitic 


Protein  shock 


Sulph- 

anilamide 


Operative 

treatment 


form  of  treatment  should  be  given  when  the  irido-cyclitis  has  passed  its 
acute  stage.  In  children,  daily  inunction  of  the  arms  with  ointment  of 
O.T.  1 5  per  cent  or  guaiacol  5  to  7  per  cent  may  be  preferable  to  repeated 
injections. 

Syphilitic  irido-cyclitis  should  receive  the  usual  treatment  with 
potassium  iodide  and  injections  of  arsenic  derivatives  alternating  with 
bismuth.  Neoarsphenamine  is  useful  in  sympathetic  irido-cyclitis,  the 
form  due  to  post-operative  endogenous  infection,  and  for  the  irritation 
resulting  from  the  presence  of  lens  cortex  in  the  anterior  chamber. 
During  treatment  the  urine  should  be  watched  for  the  presence  of 
urobilinogen.  In  patients  who  cannot  tolerate  neoarsphenamine,  mer¬ 
curic  chloride  may  be  given  intravenously  in  weekly  injections  starting 
with  grain  and  increasing,  with  doses  of  or  and  grain. 

Protein-shock  therapy  is  helpful  when  irido-cyclitis  fails  to  improve 
under  usual  treatment,  in  traumatic  cases  with  perforation,  and  as  a 
preventive  against  sympathetic  irido-cyclitis.  It  may  consist  of  intra¬ 
muscular  injections  of  horse  serum  or  sterile  milk,  with  a  first  dose  of 
5  c.c.  and  subsequently  doses  of  10  c.c.  given  on  the  first,  third,  seventh, 
and  twelfth  days  after  injury.  Except  after  the  first  injection,  no 
appreciable  febrile  reaction  follows  if  the  injections  are  given  on 
alternate  days. 

The  recent  introduction  of  the  sulphanilamide  group  of  substances 
in  the  treatment  of  septicaemia  and  of  autogenous  infections  generally 
promises  to  open  a  new  field  in  the  treatment  of  irido-cyclitis.  Already 
experience  has  shown  remarkably  rapid  and  complete  recovery  in  cases 
of  uncertain  but  endogenous  aetiology.  Although  it  is  too  early  as  yet 
to  know  what  compound  of  this  nature  will  prove  most  efficient  and 
least  toxic,  it  may  be  remarked  that  so  far  sulphanilamide,  uleron, 
and  soluseptasine  have  given  satisfactory  results :  M  &  B  693  is  par¬ 
ticularly  effective  in  pneumococcal  infections.  Care  must  be  taken  to 
ensure  a  sulphur-free  diet  for  forty-eight  hours  prior  to  and  during 
the  use  of  these  drugs.  Dosage  consists  of  oral  administration  of  5 
grams  in  the  first  twelve  hours  and  then  1  gram  four-hourly  for  four  to 
five  days.  A  further  course  maybe  given  after  a  week’s  rest,  but  careful 
watch  must  be  kept  against  the  occurrence  of  polyneuritis.  It  is  not  too 
much  to  hope  that  this  method  of  treatment  will  eliminate  the  present 
practice,  of  doubtful  value,  of  antituberculous  treatment  so  frequently 
given  in  cases  of  unknown  aetiology  and  will  stimulate  a  more  rational 
approach  to  the  treatment  of  endogenous  irido-cyclitis  in  combination 
with  closer  attention  to  bacteriaemia. 

Local  operative  procedures  undertaken  for  the  relief  of  secondary 
glaucoma  are  designed  to  assist  drainage  from  the  anterior  chamber 
and  to  remove  gelatinous  exudate  or  to  break  ring  synechiae.  The 
simplest  operation  is  paracentesis  of  the  anterior  chamber,  which  may 
be  repeated  several  times  if  carefully  done.  Operations  on  the  iris 
include  a  four-puncture  iridotomy  for  iris  bombe  and  a  broad  iridectomy 
for  seclusio  pupillae  and  secondary  glaucoma. 
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(d)  Choroiditis 

Acute  suppurative  choroiditis  or  panophthalmitis  is  usually  due  to  Pamphthal- 
pyogenic  infection  from  septic  perforating  wounds  of  the  globe.  The 
infection  spreads  rapidly  and  converts  the  eye  into  a  bag  of  pus.  The 
lids  are  swollen  and  oedematous,  lacrimation  is  profuse,  supra-orbital 
pain  intense,  the  conjunctivae  are  oedematous,  conjunctival  and  ciliary 
vessels  are  extremely  congested,  the  cornea  and  aqueous  are  cloudy, 
hypopyon  may  be  present,  the  lens  is  oedematous,  and  the  vitreous 
opaque  and  greyish.  Panophthalmitis  may  also  occur  in  acute  endo¬ 
genous  infections  by  metastasis,  especially  in  pneumonia  and  meningitis. 

Treatment  consists  in  excision  of  the  eye  or,  in  cases  in  which  the  Treatment 
globe  has  ruptured  or  is  likely  to  rupture,  in  evisceration.  Untreated 
cases  result  in  phthisis  bulbi.  Sympathetic  ophthalmitis  does  not  occur 
in  association  with  a  frank  panophthalmitis  but  may  follow  incomplete 
evisceration  of  an  eye  with  retention  of  fragments  of  uveal  tissue. 

Acute  localized  metastatic  choroiditis  presupposes  a  bacteriaemia  or  Metastatic 
pyaemia.  The  area  of  infection  shows  leucocytic  infiltration  and  is 
surrounded  by  an  area  of  hyperaemic  reaction.  In  the  subsequent 
atrophic  stage  there  is  a  central  pale  area  of  absorption  of  choroidal 
tissue  and  of  the  overlying  pigment  epithelium  of  the  retina,  surrounded 
by  a  ring  of  excessive  choroidal  pigmentation  derived  from  the  region 
of  reaction.  In  later  years  these  choroidal  pigment  cells  tend  to  migrate 
into  the  overlying  retina,  w^hich  is  also  involved  in  the  inflammatory 
process. 

In  the  acute  phase  loss  of  vision,  due  to  the  presence  of  cells  in  the  Clinical 
vitreous  or  of  involvement  of  the  macular  area,  is  the  main  symptom 
and  this  reaches  its  height  in  a  week  or  more.  In  rare  instances  dull 
supra-orbital  pain  may  occur,  but  otherwise  symptoms  are  absent. 
Externally  the  eye  appears  normal  but  ophthalmoscopy  shows  a  haze 
of  cells  in  the  vitreous  which  may  entirely  obscure  the  details  of  the 
fundus.  When  the  choroiditis  is  visible  it  appears  as  a  slightly  raised 
yellowish  area  with  an  indefinite  fluffy  outline.  The  choroiditis  may 
be  present  as  a  single  area  or  as  numerous  areas  in  different  stages  of 
progression  (see  Plate  XII,  d).  The  disease  tends  to  pursue  its  course  to 
a  conclusion  determined  more  by  the  local  reaction  in  the  choroid  than 
by  any  form  of  treatment,  and  leaves  areas  of  local  atrophy,  the  position 
of  which  in  the  fundus  governs  the  effect  on  visual  acuity  (see  Plate 
XII,  e).  Unless  the  macula  is  involved  recovery  of  vision  is  good  and 
often  complete  in  acute  cases,  but  in  chronic  cases  vitreous  opacities 
may  be  permanent.  Recurrent  cases  and  those  of  chronic  type  associated 
with  cyclitis  carry  a  worse  prognosis  for  vision. 

Miliary  tuberculosis  sometimes  produces  choroidal  metastasis.  The 
condition  is  seen  only  in  the  late  stages  of  the  disease  after  the  onset 
of  meningitis.  Conglomerate  tubercle  of  the  choroid  is  rare  and  appears 
as  a  raised  whitish  mass  projecting  into  the  vitreous  and  covered  by 
the  retina.  Diagnosis  must  be  made  from  sarcoma  of  the  choroid.  It 
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occurs  in  cMdren  only  (Wolff).  Small  daughter  tubercles  may  be  seen 
closely  clustered  around  the  main  mass.  Solitary  central  choroiditis  is 
usually  tuberculous  (Verhoeff),  occurs  at  an  early  age,  and  is  almost 
always  unilateral.  The  acute  stage  shows  a  non-pigmented  oedematous 
patch  with  dense  vitreous  opacities;  in  the  atrophic  stage  there  is  a 
central  atrophic  patch  at  the  posterior  pole  with  a  surrounding  ring  of 
pigmentation.  Daughter  foci  sometimes  arise  close  to  the  parent  focus. 
The  atrophic  or  obsolescent  phase  must  be  distinguished  from  familial 
macular  coloboma  (see  p.  496)  but  is  characteristically  unilateral, 
slightly  eccentric,  and  sometimes  shows  secondary  foci,  a  familial 
incidence  being  absent.  The  condition  is  sometimes  a  manifestation 
of  congenital  syphilis. 

Irido-cyclitis  and  choroiditis  in  a  chronic  relapsing  form,  with  subacute 
exacerbations,  may  be  associated  with  foci  at  the  posterior  pole  and 
with  perivasculitis  of  the  retina;  these  cases  are  probably  tuberculous 
and  do  not  respond  favourably  to  treatment.  Disseminated  choroiditis 
may  be  tuberculous,  but  is  usually  syphilitic.  Pseudoglioma  in  prenatal 
life  or  infancy  may  follow  diffuse  tuberculosis  of  the  choroid  and 
retina  with  secondary  degeneration  of  the  vitreous.  The  vitreous 
becomes  converted  into  an  opaque  greyish-yellow  mass.  The  globe  is 
smaller  than  its  fellow  and  shows  early  signs  of  shrinking.  The  diagnosis 
is  from  glioma  of  the  retina  (see  Retina  Diseases,  Vol.  X,  p.  628). 

Syphilitic  Congenital  syphilis  presents  two  pictures:  (i)  that  known  as  ‘pepper 
and  salt’  fundus  consists  of  numerous  minute  areas  of  pigmentation 
interspersed  with  pale  or  yellowish  areas  distributed  more  noticeably 
peripherally;  (ii)  disseminated  choroiditis,  which  appears  in  the  acute 
stage  as  small  yellow  fluffy  patches,  and  in  the  atrophic  stage  as 
irregular  patches  of  varying  size,  usually  separate  but  sometimes  con¬ 
fluent,  scattered  all  over  the  fundus  (see  Plate  XII,  e).  In  old-standing 
cases  the  choroidal  pigment  migrates  into  the  retina  and  may  lie  in 
front  of  the  retinal  vessels  and  cause  confusion  with  retinitis  pigmentosa 
(see  Vol.  X,  p.  626)  since  there  is  also  some  degree  of  optic  atrophy. 
Involvement  of  the  macula  seriously  affects  visual  acuity  whereas 
involvement  of  peripheral  areas  impairs  the  field  of  vision. 

Of  indefinite  Anterior  choroiditis,  though  by  some  considered  tuberculous,  is  of 

aetiology  unknown  aetiology  and  forms  a  clinical  entity  of  importance  since 

cyclitis  often  co-exists.  These  cases  resist  all  forms  of  treatment,  and 
the  prognosis  for  vision  is  grave,  particularly  in  cases  with  rheumatoid 
arthritis  or  osteoarthritis.  Such  cases  of  a  quiet  chronic  cyclo-choroiditis 
may  be  complicated  by  slowly  progressive  optic  atrophy,  and  finally 
vision  may  be  totally  lost  and  the  vitreous  be  gradually  filled  with 
organization  of  transuded  leucocytes. 

Complications  The  comphcations  of  choroiditis  chiefly  consist  of  extension  forwards 
to  the  ciliary  body  and  iris,  and  inwards  to  the  retina  and  vitreous. 
The  former  have  been  dealt  with  under  iritis  and  cyclitis  (see  pp.  501 
and  504).  Any  acute  choroiditis  involves  some  change  in  the  overlying 
retina  if  the  lamina  vitrea  is  broken,  and  degeneration  of  the  retina  may 
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become  extensive.  A  serous  exudate  may  cause  detachment  of  the 
retina  characterized  by  the  presence  of  a  definite  vitreous  haze,  the 
absence  of  retinal  holes,  and  its  unsuitability  for  operative  treatment. 

Involvement  of  the  vitreous  (hyalitis)  may  produce  permanent  opacities 
with  loss  of  vision,  secondary  cataract,  vitreous  abscess  (endophthal¬ 
mitis)  or  lowered  tension  of  the  eye  in  the  stages  of  organization.  Thus 
the  prognosis  as  regards  vision  varies  with  the  site  of  the  lesion,  the 
dec^ree  of  vitreous  involvement,  and  the  incidence  of  complications 
such  as  detachment  of  the  retina,  cataract,  and  optic  atrophy.  Most 
acute  simple  cases,  secondary  to  such  conditions  as  focal  sepsis,  give 

an  excellent  prognosis  for  vision.  i  j  - 

Vitreous  haemorrhage  is  easily  confused  with  the  haze  froin  choroid- 
itis  but  the  opacities  are  larger,  more  irregular  in  shape,  and  less  even  y  ij^ginorrhage 
distributed  in  the  vitreous.  The  age  incidence  of  vitreous  haemorrhages, 
except  in  diseases  of  the  blood-forming  organs  and  Bales  s  disease, 
is  55  years  and  onwards  whereas  choroiditis  usually  occurs  between 
10  and  35  years  of  age  as  an  initial  attack. 

Acute  retrobulbar  neuritis  occurs  in  young  adults,  more  often  women, 
and  rapid  loss  of  vision  is  the  prominent  symptom.  There  is  however, 
a  central  scotoma,  and  rarely  some  swelling  of  the  optic  disk,  but  the 
choroid  is  normal  and  the  vitreous  clear.  Recovery  of  visma  is  spon¬ 
taneous  and  often  complete,  but  some  years  later  the  fuU  picture  of 

disseminated  sclerosis  develops  in  most  cases.  , 

Famihal  macular  coloboma  simulates  solitary  obsolescent  macular  Fjomath. 
choroiditis  (see  p.  496).  Conglomerate  tuberculosis  may  be  confused 
with  new  growth  of  the  choroid  or  retina  and  with  Coates  s  disease, 
and  old  cases  of  atrophic  disseminated  choroiditis  resemble  retinitis 

^STreatment  of  choroiditis  is  that  of  uveitis  as  a  whole,  but  the  local  Treatment 
treatment  is  insignificant  compared  with  the  treatment  of  the  underlying 
general  disease  or  focal  sepsis.  Locally  acute  cases  are  teeated  by  rest 
atropine,  and  heat,  and  many  cases  of  unknown  aetiology  respond 
well  to  injections  such  as  tuberculin  and  neoarsphenamine.  Pan¬ 
ophthalmitis  is  treated  by  excision  or  evisceration  jncumstances 
allow,  and  in  cases  of  conglomerate  tubercle  and  phthisis  bulbi 
eye  should  be  removed.  In  cases  of  pseudoglioma  the  eye  is  sometimes 
left  for  a  while  to  assist  the  proper  development  of  the  orbital  cavity 
but  should  ultimately  be  excised. 

(l)-lris  4.-TUMOURS 

fSTTumours  of  the  ms  include  the  small  melanoma,  a  congenital  M.toma 
spot  or  spots  of  pigment-accumulation  forming  a  small  velvety  mass 
projecting  from  the  anterior  surface  and  not  demanding  any  treatment 
other  than  periodical  observation  lest  malignancy  should  deve  op. 

Angioma  may  be  part  of  a  wider  angiomatosis,  which  appears  as  Angioma 
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tortuous  vessels  especially  in  the  region  of  the  two  arterial  circles.  In 
rare  instances  there  is  a  congenital  and  hereditary  form  of  multiple 
cysts  formed  in  the  posterior  pigmented  epithelium.  The  commonest 
cyst  in  the  iris,  however,  is  an  epithelial  inclusion  following  perforating 

trauma.  Leiomyoma  is  rare. 

Malignant 

The  commonest  malignant  tumour  is  a  congenital  mole  which  becomes 

an  active  sarcoma.  If  seen  sufficiently  early,  excision  by  a  broad 
iridectomy  is  often  successful;  later  cases  may  require  excision  of  the 
eve  Primary  sarcoma  of  the  iris  stroma  is  rare.  On  the  other  hand  the 
iris  is  not  uncommonly  involved  in  extension  forwards  of  melanoma 

of  the  ciliary  body. 

(2)— Cilary  Body  _  . 

Fibroma,  myoma,  angioma,  and  adenoma  of  the  ciliary  epithehum 

have  been  reported  but  are  all  very  rare.  Malignant  melanoma  occurs 
primarily  in  the  ciliary  processes  or  in  the  choroid  just  behind.  Extension 
may  be  forwards  into  the  iris  or  the  angle  of  the  anterior  chamber, 
backwards  into  the  choroid  and  retina,  or  outwards  through  the  sclera. 

In  the  anterior  chamber  the  black  streak  may  simulate  iridodialysis 
but  is  dull  to  transillumination,  and  in  the  sclera  a  small  black  patch 
may  attract  attention.  The  growth  is  most  often  discovered  during 
routine  ophthalmoscopy  when  it  appears  as  a  black  hemispherical  mass 
projecting  into  the  vitreous,  and  is  best  shown  after  dilatation  of  the 
pupil.  Ultimately  fungation  into  the  orbit  may  occur.  The  age  incidence 
is  usually  between  30  and  60  years.  Glaucoma  and  secondary  cataract 
are  the  commonest  compUcations.  The  morbid  anatomy,  prognosis, 
and  treatment  are  the  same  as  for  melanoma  of  the  choroid. 

(3) — Choroid 

Benign 

Piexiform  neuroma  is  sometimes  congenital  and  then  the  eye  is  always 
buphthalmic  (congenital  glaucoma).  Angioma  is  also  congemtal  and 
usually  associated  with  facial  naevus  flammeus.  The  growth  is  broad, 
flat,  and  situated  at  the  posterior  pole.  Vitreous  haemorrhage  and 
secondary  glaucoma,  resulting  from  mild  trauma,  draw  attention  to  the 
condition.  Secondary  cataract  supervenes  in  some  cases. 

Malignant 

Melanoma  of  the  choroid  is  the  commonest  primary  intra-ocular 
growth,  is  most  often  situated  in  the  anterior  half  of  the  choroid  and 
more  rarely  at  the  posterior  pole,  and  appears  as  a  dark-grey  smooth 
rounded  mass  carrying  the  retina  forward  and  projecting  into  the 
vitreous  (see  Plate  XII,  f).  It  is  dull  on  transillumination.  A  small  serous 
detachment  of  the  retina  is  often  seen  below  it.  The  growth  consists  of 
whorls  of  closely  packed  cells  with  a  variable  degree  of  overgrowth  of 
pigment  cells;  large  growths  often  show  extensive  degeneration.  Signs 
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and  symptoms  ate  few.  Loss  of  visioa  or  met.morphopsia  is  due  tt 
delachraeut  of  the  ovetiying  retina,  or  to  vitreous  haeraorrhaces 

which  mav  obscure  the  growth  ophthalmoscopically,  or  to  secondary' 
cataract.  Pain  may  occur  during  acute  glaucoma,  which  is  not  an 
uncommon  complication,  and  is  often  the  presenting  feature.  Too  otten 
sisns  and  symptoms  are  absent  until  late.  Ultimately  spread  through 
th'e  sclera,  involvement  of  the  orbit,  and  fungation  occur  with  proptosis, 
haemorrhage,  and  metastases.  Clinically  the  condition  has  four  stages:  CMcal 
(i)  intra-ocular,  which  is  symptomless,  (ii)  glaucomatous  or  detach¬ 
ment  of  the  retina,  (iii)  perforating,  and  (iv)  metastatic.  Metastases, 
however  may  occur  early  from  involvement  of  the  venae  vorticosae. 

In  clinical  stages  (i)  and  (ii)  the  prognosis  after  e.xcision  ot  the  eye  Prognosis 
is  aenerally  good,  and  in  stages  (iii)  and  (iv)  the  expectation  of 
is  about  two  years  but  much  longer  latency  has  been  recorded.  The  ^ 

differential  diagnosis  is  from  massive  choroidal  haemorrhage,  \itreous  Dia^  i 

haemorrhage,  and  other  forms  of  retinal  detachment.  ^  ^  ^ntment 

The  treatment  in  stages  (i)  and  (ii)  is  by  immediate  excision  of  the  Treatment 
eve  with  as  much  of  the  optic  nerve  as  possible.  Stage  (iii)  demands 
exenteration  of  the  orbit  followed  by  deep  X-ray  therapy.  If  the  orbita 
bones  are  not  involved  immediate  skin  grafting  of  the  cavity  should  be 
done.  In  stage  (iv)  the  only  treatment  is  by  deep  X-rays  and  palhative 

measures.  ,  .  ,  ^  ^ 

Leuco-sarcoma  occurs  rarely  in  adults  and  mainly  in  the  posterior  Leuc^ 

half  of  the  choroid.  It  presents  few  signs  and  symptoms  apart  irom 
loss  of  vision  and  metamorphopsia.  The  differential  diagnosis  is  from 
conglomerate  tuberculosis  and  from  localized  degeneration  of  choroid 
and  retina  such  as  senile  exudative  retinitis. 

Flat  sarcoma  occurs  rarely  as  a  pale  flat  mass  at  the  posterior  Fat  sarcoma 
The  diagnosis  is  from  secondary  carcinoma.  The  treatment  of  t  e 
above  two  conditions  is  the  same  as  for  melanotic  sarcoma.  ^ 

Metastatic  carcinoma  appears  as  a  flat,  yellowish,  progressive  y  carcinoma 
enlarging  mass  at  the  posterior  pole  or  near  the  optic  disk.  The  prima^ 
tumour  is  most  often  in  the  breast,  but  occasionally  m  the  stomach, 
bronchus,  colon,  thyroid,  or  uterus.  Failing  vision  due  to  detachment 
of  the  retina  is  the  sole  symptom  at  first  but  later  pain  and  glaucorna 
may  be  present.  Differential  diagnosis  is  from  flat  sarcoma  of  the 
choroid  and  retino-choroidal  exudation  at  the  posterior  pole.  Treat¬ 
ment  is  excision  of  the  globe  or  the  application  of  radon  stitched  onto 
or  into  the  sclera. 


5.-DEGENERATIONS 

1594.]  Degenerations  of  the  uveal  tract  affect  principally  the  choroid.  Myopic 
In  high  myopia  stretching  and  thinning  of  the  coats  of  the  globe  occur, 
confined  chiefly  to  the  posterior  half  and  resulting  in  degeneration 
of  the  choroid.  Areas  of  atrophy  are  seen  at  the  posterior  pole  or 
around  the  disk  and  tend  to  extend  slowly  with  the  increasing  myopia. 
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Involvement  of  the  macula  results  in  posterior  staphyloma,  in  degenera¬ 
tion  with  pigmentary  disturbance,  in  haemorrhage,  or  in  atrophy  (see 
Plate  XII,  g).  Vision  becomes  progressively  or  suddenly  worse  and  more 
diificultto  restore  with  glasses.  Retinal  degeneration  (see  Vol.  X,  p.  630) 
commonly  co-exists.  Drops  of  solution  of  adrenaline  hydrochloride 
1  in  10,000  to  1  in  6,000  twice  a  day  may  help  to  check  the  progress  of 
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the  condition. 

Degenerations  of  the  lamina  vitrea  produce  clearly  defined  yellowish 
patches  of  varied  shape  and  size  distributed  in  the  posterior  pole  and 
around  the  disk.  They  are  of  uncertain,  though  possibly  indirectly  of 
vascular,  origin,  and  do  not  require  any  treatment.  Colloid  bodies 
(Drusen)  may  be  seen  around  the  disk  as  yellow  bud-like  spherical 
excrescences  of  the  lamina  vitrea,  Tay’s  choroiditis  appears  as  minute, 
dull-yellow,  punctate  thickenings  at  the  posterior  pole  and  occur  in 
the  aged.  Doyne’s  honeycomb  choroiditis  consists  of  yellowish-grey 
rounded  or  hexagonal  areas  with  intervening  streaks  of  pigmentation, 
is  macular  in  distribution,  and  familial  in  incidence. 

Sclerosis  of  the  choroidal  vessels  in  the  macular  area  produces  an 
appearance  of  thick  grey  streaks  accompanied  by  dusty  pigmentation 
at  the  posterior  pole.  The  condition  is  often  associated  with  retinitis 
circinata  (see  Vol.  X,  p.  631)  which  may  also  be  in  part  choroidal  in 
origin.  Hole  at  the  macula  may  follow  thrombosis;  in  the  first  stages 
a  ring  of  oedema  and  haemorrhage  surrounds  the  fovea.  These  undergo 
absorption  and  leave  a  clear  punched-out  hole  with  some  surround¬ 
ing  pigmentary  disturbance.  Arteriosclerosis  of  retinal  and  choroidal 
vessels  is  constantly  present. 

Defective  choroidal  circulation  in  the  intermediate  and  peripheral 
zones  is  found  in  retinitis  pigmentosa  (see  Vol.  X,  p.  626)  and  is  held 
to  be  a  contributory  factor,  though  the  essential  lesion  appears  to  be 
retinal.  Concentrates  of  vitamin  A  given  sufficiently  early  may  be  of 
value  as  a  preventive. 

Choroideraemia  is  a  condition  of  acute  atrophy  of  the  choroid 
occurring  in  middle  age  and  rapidly  involving  the  whole  choroid  except 
the  macular  area.  The  condition  is  of  unknown  origin  but  appears  to 
be  an  essential  capillary  atrophy.  A  familial  incidence  has  been  recorded. 
Treatment  is  ineffective. 
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Reference  may  also  be  made  to  the  following  titles: 
ENCEPHALO-MYELITIS 
IMMUNITY  AND  IMMUNIZATION 
SMALLPOX 


l.-VACCINIA 

1595.]  Vaccinia  is  due  to  infection  by  the  Virus  vacciniae,  a  virus  closely  Relation  to 

linked  to^^rid  probably  a^^^dTfed  form  of,  the  virus  of 

pox,  such  mo^gation,  however,  being  all  importanU{see  Smallpox, 
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Vol  XI,  p.  272).  Altliq^h  infection  of  man  by  the  Virus 
constantly  associated  with  a  generalized  pock  eruption,  that  by  the  Virus 
vacdniae  is  almost  alTOys-^ttended  only  with  the  production  of  a 
localized  pock  eruption  at  the  site^f^in^iculation.  They  vary,  moreover, 
markedly  in  degree  of  infectivity.  The  Virus  variolae  can  infect  by 
aerial  transniissio,B.^S"weli  as  by  contact;  that  of  vaccinia  infects  only 
by  actual  transmission  to  an  abraded  surface.  The  Virus  variolae 

can  be  transformed  by  animal  passage  into  the  Virus  vacdniae  hut  the 
converse  has  never  been  done. 

Natural  vaccinia  or  cowpox  is  now  rare  in  England.  Reece  in  1921  said 
it  was  then  non-existent  but  later  in  that  year  cases  occurred  in  cattle 
and  humans  in  Wiltshire.  Isolated  cases  still  occur;  in  Devonshire,  in 
1933,  a  milker  was  infected  and  four  cows  were  found  to  be  recovering 
from  a  recent  infection. 

The  source  of  the  infection  in  a  herd  has  often  not  been  discovered, 
although  in  some  cases  in  the  past  variola  among  humans  was  stated  to 
be  the  cause.  Transmission  from  cow  to  cow  in  a  herd  is  by  the  hands  of 
milkers. 

In  milch  cows  the  eruption  occurs  round  and  on  the  udders  and  teats. 
Papules  proceed  to  vesiculation  but  the  surrounding  induration  may  be 
intense,  and  deep-seated  ulcerations  may  result  from  the  vesicles. 
It  is  stated  that  the  rash  may  appear  in  successive  crops  and  that 
lesions  in  varying  stages  of  development  may  be  present  at  the  same 
time. 

In  man  the  initial  lesions  are  found  on  the  fingers  and  thumbs  used  for 
milking  the  infected  cow,  and  infection  may  be  spread  by  auto-inocula¬ 
tion.  The  type  of  vaccinia  acquired  by  infection  from  the  cow  is  more 
severe  in  an  unvaccinated  person  than  that  occurring  after  vaccination 
with  vaccine  lymph. 

The  onset  ixm^^allv  sudden  and  characterized  by  soretfiroat,  high  fever, 
headache,  and  prostration.  This  usually  occurs  some  ten  days  after  the 
inoculation.  Lymphangitis  and  glandu'^'T^llings  commqnJyLnccur. 
Death  has  appargafiy  not  been  reported  as  following  an  infef^atian. 
Healing  may  he  delayed  an^deep  ulcerations  have  beenjceported,  with 
slow  recovery.  In  one  case  reported  to  the  Ministry  of  Health  the  rash 
came  out  in  successive  crops  and  lesions  were  found  in  different  stages 
of  development. 


2.-YACCINATION 

It  is  beyond  the  scope  of  this  article  jo  consider  the  part  nlaved Joy 
vaccination  in  the  prevention  of  smallpox.  It  will  be  sufficient 
Plaxall:  Tt  is  recognized  in  all  civilized  countries  thaixacclnailoa.^^ 
revaccination  at  suitable  intervals  afford  a  sure  prQtectiai3L.against 
smallpox  and  thUTEyTLo''o^^  means  at  present  known  can  this  be 
obtained.’  ^  . . . . . . 
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(1)  — Definition, 

Vaccination  may  be  defined  as  the  operative  procedure  by  which  the 
Vims  yacciniae  is  coraniiinicated  to  man. 

(2)  — Source  of  Lyniph 

This  'vi,riis  is  contained  in  what  is  known,  as  \'accine  lymph,  which  is  pro¬ 
duced  from  material  obtained  from  the  lesions  produced  on  susceptible 
animals,  most  commonly  young  calves,  by  vaccinia.  The  vaccinal  erup¬ 
tion  on  the  shaved  abdominal  skin  of  these  animals  is,  if  satisfactory  in 
nature,  scraped  off  and  ground  up  with  a  suitable  quantity  of  diluent.  The 
resultant  mixture  is  called  a  lymph  and  at  the  outset  it  contains  a  large 
number  of  adventitious  iri,icro-orgamsms.  S.MdncktonCopemanin  lS91 
drew  attention  to  the  value  of  glycerin  in  purifying  such  a  lymph,  as  at  suit¬ 
able  temperatures  it  has  a  marked  antibacterial  action;  its  influence  on, 
the  vims  of  vaccinia  is  much  less  marked.  As  a  rule  vaccine  lymph  is  a 
mixture  of  vaccinal  pulp  (the  crude  vaccinal  eruption)  with  glycerinated 
water  with  or  without  some  preservative.  Sometimes  the  antibacterial 
purification  is  hastened  by  the^  action  of  chloroform  vapour  or  ether, 
for  a  short  limited  period,  on  the  lymph.  In  all  bacterial  purification  a 
watch  must  be  kept  that  the  effective  potency  of  the  lymph  is  not  i,m- 
paired.  All  lymphs  manufactured  in  or  imported  into  Great  Britain  and  Standard  of 
Northern  Ireland  must  comply  with  the  standards  of  purity  and  potency 
laid  down  by  the  i^egulations  made  under  the  Therapeutic  Substances 
Act  1925.  The  po4ncy  of  vaccine  lymph  stored  at  temperatures  from 
0°  to  5°  C.  may  be  retained  for  three  months;  when  stored  at  5°  to 
10°  C.  the  potency  is  retained  for  four  wrecks  only;  and  when  stored 
above  10°  C.  the  potency  cannot  be  assured  beyond  seven  days. 

Vaccine  lymph  made  from  vaccinal  eruptions  on  sheep  is  also  used.  Sheep  lymph 
\xi  recent  years  research  has  proceeded  on  the  problem  of  obtaining  a  Cultivation 
lymph  entirely  free  from  adventitious  organisms  from  the  outset.^  The 
Virus  vacdniae  has  been  cultivated  in  vitro  in  association  with  living 
tissue-cells  (embryonic  chick  or  kidney)  and  on  the  embryonic  mem¬ 
branes  of  living  chicks.  The  results  are  promising  but  have  not  advanced 
yet  to  the  stage  of  large-scale  manufacture.  There  is  also  a  possibility 
that  the  elementary  bodies,  the  true  virus  bodies,  separable  by  high¬ 
speed  centrifugation  or  other  means,  may  be  utilized.  These  bodies,  also  PascheVs  ^ 
known  as  Buist  or  Paschen  bodies,  are  minute  round  coccoid  bodies 
approximately  0*2/i  in  diameter.  Their  specificity  has  been  demon¬ 
strated. 

(3) — Operative  Procedoie 

The  skin  at  the  selected  site,  usually  on  the  left  arm  over  the  insertion  Choice  and 
of  the  deltoid  muscle,  is  cleansed,  dried,  and  well  rubbed  with  alcohol  preparation  of 
which  is  allowed  to  evaporate.  Vaccination  on  the  leg  cannot  be  recom¬ 
mended  in  the  adult  or  the  infant  as  there  is  more  probability  not  only 
of  severe  local  reaction  but  also  of  secondary  infection. 
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The  ends  of  the  capillary  tube  containing  the  lymph  are  broken  off,  and  it 
is  advisable  to  pass  through  a  flame  from  a  spirit  lamp  for  a  brief  instant 
that  end  through  which  the  lymph  is  to  be  expelled.  Care  must  be  taken  not 
in  any  way  to  heat  the  lymph  and  the  end  must  be  allowed  to  cool  The 
other  end  is  introduced  into  the  rubber  ejector.  One  or  more  incisions  not 
more  than  i  inch  long  should  be  made  in  the  long  axis  of  the  arm.  These 
incisions  (scratches  or  scarifications)  should  be  so  superficial  that  the  epi¬ 
dermis  only  is  penetrated  and  should  draw  no  blood  or  only  the  very  slightest 
trace  of  blood.  Cross-scarification  or  hatching  should  not  be  used;  it  produces 
an  unnecessary  degree  of  injury  to  the  skin  and  this  may  facilitate  subsequent 
accidental  contamination  by  micro-organisms.  Its  practice  by  public  vac¬ 
cinators  is  forbidden  by  the  Vaccination  Order  of  1930.  The  incisions  can  be 
made  either  by  a  sharp  scalpel  or  by  a  needle  efficiently  sterilized,  for  example 
by  flaming,  and  allowed  to  cool.  The  lymph  is  driven  out  of  the  tube  by  slow 
and  steady  pressure  on  the  rubber  ejector.  The  lymph  may  be  lightly  applied 
by  the  scalpel  after  the  incision  is  made  or  the  incision  may  be  made  through 
a  drop  of  the  lymph  previously  applied.  It  is  not  advisable  to  rub  the  lymph 
into  the  wound  vigorously  as  it  is  said  to  increase  the  severity  of  the  local 
reaction.  At  every  stage  thorough  aseptic  precautions  must  be  taken. 

The  important  points  in  the  after-care  are  cleanliness  and  avoidance  of 
mechanical  injury  by  sleeves  or  shields.  The  lymph  should  be  allowed  to 
dry  on  the  arm  and,  if  a  dressing  is  put  on,  it  should  be  a  layer  of  sterile 
gauze  fastened  by  tapes  and  renewed  when  necessary.  Crusts  should 
be  allowed  to  dry  and  fail  off  naturally.  The  vaccinated  arm  should 
be  rested  after  the  development  of  the  papule  as  much  as  possible, 
especially  in  adults;  this  will  lessen  the  local  reaction.  The  arm  in 
primo- vaccinates  should  be  inspected  on  the  seventh  to  tenth  day  and  in  re- 
vaccinates  on  the  third  or  fourth  day  and  if  necessary  again  later.  Public 
vaccinators  are  required  to  inspect  results  not  earlier  than  the  sixth  day 
or  later  than  the  fourteenth  day.  The  Committee  on  Vaccination  (1928) 
recommended  two  inspections,  the  first  from  the  seventh  to  the  tenth 
day  and  the  second  from  the  fourteenth  to  the  seventeenth  day. 

Two  other  methods  of  vaccination  are  recommended  by  the  Com¬ 
mittee  on  Vaccination  (|linistry  of  Health)  1928  but  we  have  no 
personal  experience  of  them:  (i)  the  multiple  pressure  method;  for  a  full 
description  of  this  consult  the  report  by  Leake,  1927;  (ii)  the  drill 
method,  using  a  sterile  chisel  having  an  edge  not  more  than  inch  long 
which  removes  only  a  superficial  epithelial  cuticle. 

The  number  of  insertions  or  incisions  must  be  left  to  the  discretion  of 
the  vaccinator  or  of  the  vaccinated  person  or  his  guardian.  It  is  the  advice 
of  the  Minister  of  Health  (1929),  as  conditions  are  at  present,  that  in 
most  cases  one  insertion  will  suffice,  but  that  when  maximal  protection 
is  desired,  as  when  variola  major  threatens,  more  than  one  can  be  made 
up  to  a  total  of  four,  which  should  not  be  exceeded.  In  such  cases  the 
insertions  should  be  spaced  sufficiently  far  apart,  not  less  than  inch, 
to  avoid  the  risk  of  the  resulting  vesicles  coalescing.  For  such  maximal 
protection  three  or  four  insertions  are  better  than  two. 

Ihimary  j/accination  should,  by  choice,  be  performed  between  the 
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second  and  sixth  months  after  birth.  It  is  inadvisable  to  vaccinate  earlier 
than  the  second  nionth  although  this  is  practised  in  some  quarters,  as  _ 
such  infants  do  not  tate  the  vaccinati^^  so  weTT^s  older ^  XSis 
fact  is  usuilly  ascribed  to  some  residua!  transmitted  giatemaHiiiiiiiiiiity. 

In  any  case  'C^ier  infants’  may  Be  expected  to  resist  better  any  untoward 
complcatiojis  from  without.  — 

Children  in  a  febrile  stat^  or  those  who  suffer  from  any  irritation  of  *7 
the  bowels  or  unhealthy  sfate  of  the  skin,  particularly  an  eczematous  ^  sc 
condition,  should  not  be  vaccinated  until  their  health  has  improved. 

It  is  important  to  see  that  the  housin^^ndition  is  satisfactory  and,  in 
the  absence  of  smallpox,  vaccination  should  be  refused  during  tfejocal 
prevafence  of  sucS^nfectious  diseases  as  measles,  scarlet  diph- 

theri^^er}^sipelas,  and  poliomyelitis  and  other  acute  nervous  ailments. 

In  1929  the^Minister  of  Healthrrecognizmg  that  po^- vaccinal  en-  Primary ^ 
cephalitis  occurred  mainly  among  children  of  school  age  amd  _ad.ults 
after  primary  vaccination,  advised  that  it  was  npj:  generally  expedient  at 
pres^fto  press  foFfhe  vaccinaHon  of  p^sons  of  thes6"2|es  whcfBld  not  ^ 
been  pfeviouslf"  vaccinated  unless  they  had  been jn^  contact  with  a  case 
of  smallpox  or  othermse  directly  exposed  to  infection.  Were  there  any 
danger  of  an’Spidemic  of  variola  major,  this  precaution  would  have  to  be 
dispensed  with  in  face  of  the  graver  menace. 

(4)  — ^Revaccmation 

It  was  suggested  by  the  Committee  on  Vaccination  (1928)  that  infantile 
vaccination  by  one  insertion  should  be  followed  by  revaccination  on 
entering  school  (at  5  to  7  years  of  age)  and  igSm'^oFteaving  school 
(at  14  to  16’X5afsbrag5^  The  reaction  to  revaccination  in  most  of  such 
cases  may  be  expected  to  be  slight.  If  the  infantile  primary  vaccination 
has  been  by  three  or  four  incisions  revaccination  can,  in  our  opinion,  be 
safely  deferred  is  10  t<rT2  years.  This  decision  depends  on  Duration  of 

the  duration  of  the  immunity  afforded  by  the  primary  vaccination, 
and  opinion  varies  on  this  point.  By  those  interested  the  Report  of 
the  Committee  on  Vaccination  (1928)  and  the  Bulletins  of  the  Office 
International  d’Hygiene  Publique  (1934  and  1936)  should  be  consulted. 

Some  authorities  believe  that  evidence  points  to  thej^rotection  given  by 
infantile  vaccination  persistmgm  some^  degree  throughout  life,  but  others 
that  effective  immunity  lapses  alS^a  few  years. 

(5)  — ^xhe  Development  of  Vaccinia  on  the  Dermis 

This  differs  according  as  the  vaccination  is  primary  or  is  a  revaccina- 
tion,  the  degree  of  difference  depending  on  the  amount  of  residual 
immunity  in  the  latter.  The  less  the  immunity  left  in  a  revaccinate  the 
closer  does  the  course  of  development  approximate  to  that  of  a  primary 
vaccination. 

(a)  Normal  Development  in  Primary  Vaccination 
The  incubation  period  lasts  about  three  days  during  which  as  a  rule 
nothing  is  observed  except  in  persons  susceptible  to  trauma,  when  the 
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initial  slight  redness  and  oedema  subside  within  a  few  hours.  At  the 
end  of  the  third  day,  or  on  the  fourth,  elevated  red  papules  surrounded 
by  a  narrow  areola  of  hyperaemia  develop  along  the  site  of  the  inocula¬ 
tion.  From  the  fifth  day  a  process  of  vesiculation  begins,  completed 
usually  on  the  seventh  day,  when  the  shiny  pocks  contain  a  clear  fluid. 
These,  which  at  first  are  plump,  become  depressed  in  the  centre,  and  by 
the  ninth  day  become  pustular.  Further  flattening  occurs  and  a  scab 
forms  from  the  eleventh  day,  the  colour  changing  from  yellow  to  form 
a  dark  brown  crust;  this  crust  detaches  itself  from  the  sixteenth  day 
onwards,  leaving  a  slightly  depressed  scar.  The  areola  increases  until 
the  tenth  day  and  subsides  as  the  pock  dries  up.  The  areola  round  the 
pock  varies  from  ^  inch  to  2  inches  in  diameter  and  is  associated  with  a 
varying  amount  of  oedema  and  induration.  It  is  a  local  reaction  to  the 
developing  virus  and  with  lymphs  of  moderate  potency  as  a  rule  gives' 
little  trouble.  The  degree  of  the  reaction  probably  varies  with  the 
susceptibility  of  the  patient. 

Constitutional  symptoms  also  vary  in  degree.  A  slight  rise  in  tempera¬ 
ture  may  be  noted  from  the  third  day  but  clinical  appearances  of  pyrexia 
are  not  apparent  till  the  fifth  day.  Usually  there  is  some  malaise  con¬ 
current  with  the  rise  in  temperature  and  there  may  be  some  headache, 
backache,  and  pain  over  the  splenic  region  and  in  the  throat  occasion¬ 
ally.  The  fever  reaches  its  maximum  on  the  eighth  day.  The  abdominal 
pain  is  associated  with  enlargement  of  the  spleen  which  occurs  with  some 
frequency  and  reaches  its  maximum  usually  on  the  eighth  day.  Pain  in 
the  axilla  on  the  same  side  as  the  vaccinated  arm,  due  to  enlargement  of 
the  lymphatic  glands,  is  common. 

(b)  Normal  Development  in  Revaccination 
The  development  and  regression  in  a  revaccination  vary  with  the 
residual  immunity.  In  persons  who  have  been  successfully  vaccinated 
within  a  few  years  or  who  have  had  an  attack  of  smallpox,  i.e.  in  persons 
in  whom  there  is  a  good  residual  immunity,  revaccination  is  usually 
followed  by  redness  and  swelling,  reaching  a  maximum  within  48  hours, 
which  may  disappear  within  four  days.  Vesicles  are  rare  and  regression 
to  normal  takes  place  without  scar  formation.  A  brown  stain  on  the 
skin  may  be  the  only  evidence  left  of  the  revaccination.  In  others  who 
have  been  vaccinated  for  the  first  time  at  a  more  remote  date,  or  in 
whom  for  some  reason  immunity,  though  present,  is  not  so  pronounced, 
a  reaction  occurs  which  has  been  denoted  as  Vaccinoid’.  Compared  to 
a  primary  vaccination,  this  is  modified  in  severity,  appears  earlier,  and 
runs  its  course  within  a  shorter  period.  Vesicles  may  be  small  and 
aborted. 

Geperall^n  all  revamaates  vesicle,  pustule,  and  crust  formation  occur 
earlier  than  in  primo-vaccinates.TlLrTmoIaFWu^’TnZ^^  are 

also  less  and  subside  earlier ._A.r£vai:d nation  showing  papule  formation 
with  areola,  or  vesicle  formation,  may  he  regarded  as  a  success  and 
re-establishes  protection  against  smallpox. 
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(6) — AbBormal  Results  of  Vaccination 
Attention  will  here  be  directed  to  such  abnormal  results  as  occur  in 
practice  at  the  present  time  with  the  use  of  vaccine  lymph.  Early  text¬ 
books  are  full  of  discussions  which  happily  need  not  now  be  considered, 
such  as  allegations  of  the  occurrence  of  post- vaccinal  syphilis  and  tuber¬ 
culosis. 

(a)  Septic  Infections 

In  the  service  of  the  Government  Lymph  Establishment  from  1931  to  Incidence 
1937  in  almost  one  and  a  half  million  vaccinations  reported  upon, 
complaints  of  pyogenic  inflammatory  conditions  such  as  cellulitis  and 
septicaemia  have  been  of  the  greatest  rarity  and  in  not  one  case  was^a 
causal  part  attributable  to  the  lymph.  If  the  vaccination  is  carried  out  in 
an  aseptic  manner  and  if  the  vaccinated  person  is  in  a  healthy  state  and 
the  surroundings  (house  and  condition  of  other  inmates)  are  satisfactory 
there  should  be  no  fear  of  pyogenic  complications.  Impetigo  or  other 
source  of  septic  infection  in  other  members  of  the  family  has  been  known 
to  cause  sepsis  in  the  vaccinated  person.  Precautions  must  be  taken  to 
guard  the  vaccinal  lesion  from  outside  infection  or  interference. 

(b)  Severe  Local  Reactions 

Severe  local  reactions  resulting  in  an  extension  of  the  areolar  blush  Extension  of 

and  of  the  induration  undoubtedly  occur,  but  with  comparative  rarity, 
and  subside  from  the  tenth  day  onwards.  Complaints  of  this  nature 
reported  by  public  vaccinators  during  three  years  1934  to  1937  varied 
from  1  in  3,056  vaccinations  to  1  in  3,244.  The  condition  can  probably 
be  attributed  to  hyper-susceptibility:  a  parallel  condition  is  seen  in 
animal  inoculation.  It  occurs  more  rarely  in  infant  vaccinations  and 
more  often  after  the  primary  vaccination  of  adults.  Evidence  indicates 
that  it  occurs  with  greater  frequency  after  the  use  of  the  more  potent 
lymphs. 

In  some  countries  complaints  have  at  times  been  made  that,  at  the  Necrosis  and 
site  of  inoculation,  areas  of  necrosis  or  deep  ulceration  with  delayed  tdceration 
healing  developed.  This  is  in  our  experience  very  rare;  in  fact  in 
more  than  one  million  of  reported  vaccination  results  we  can  only 
recall  one  or  two  complaints  of  this  nature.  The  freedom  from  such 
a  condition  in  any  severe  degree  may  possibly  be  attributed  to  two 
causes:  (i)  the  strain  of  the  vaccinia  virus,  and  (ii)  the  fact  that  most 
primary  vaccinations  in  Great  Britain  are  in  infants.  It  may  perhaps  be 
expected  that,  if  a  large  number  of  adults  are  vaccinated  for  the  first 
time  in  the  event  of  an  epidemic,  there  may  be  an  increase  in  the  occur¬ 
rence  of  such  conditions.  Apart  altogether  from  the  fact  that  adults 
take  vaccinia  more  severely,  they  are  more  liable  to  such  factors  as 
trauma,  contamination  by  dirty  sleeves,  and  stasis  of  vessels  due  to  the 
dependent  position  of  the  arm. 

Very  occasionally  supernumerary  vesicles  appear  round  or  near  the  Super¬ 
site  of  inoculation;  they  may  show  immaturity  in  development.  The 
condition  may  possibly  be  attributed  to  spread  by  lymphatics  in  cases 


522  VACCINIA  AND  VACCINATION  [vol.  xii 

in  which  it  is  fairly  certain  that  there  was  no  auto-inocuiation  and  the 
skin  was  healthy. 

Spread  by  auto-inociilation  (scratching)  can  and  does  occur  occasion¬ 
ally. 

(c)  Rashes 

Various  rashes  are  occasionally  present  during  the  developing  stage  of 
vaccinia.  An  urticarial  eruption  may  occur,  usually  on  the  first  or  second 
day.  An  erythematous  rash  is  sometimes  present,  usually  from  the  seventh 
to  the  tenth  day  in  a  primary  vaccination.  A  morbilliform  eruption  is 
perhaps  the  most  common  and  is  usually  seen  from  the  seventh  to  the 
tenth  day  after  vaccination.  It  is  more  copious  on  the  limbs  than  on 
the  trunk  and  more  rarely  invades  the  face.  This  differentiates  it  from 
measles. 

We  believe  that  a  rash  of  any  severity  would  be  reported  by  public 
vaccinators,  and  if  this  is  so  the  incidence  of  such  rashes  may  be  taken 
to  be  1  in  6,000  to  1  in  9,000  vaccinations.  The  analysis  of  complaints  of 
local  reactions  and  rashes  received  from  public  vaccinators  in  England 
and  Wales  has  been  made  by  Mr.  W.  Pulley  of  the  Government  Lymph 
Establishment.  This  complication,  at  all  events  in  any  severe  form,  is 
then  also  rare,  as  these  figures  were  taken  from  an  analysis  of  over  one 
million  recent  vaccination  returns.  These  rashes  may  be  fairly  attributed 
to  individual  susceptibility.  In  recent  years  no  complaints  have  reached 
us  of  such  severe  general  conditions  as  were  formerly  described  under 
the  titles  of  vaccinia  haemorrhagica  and  vaccinia  gangrenosa. 

(d)  Generalization 

Normal^  ^  In  every  case  of  successful  vaccination  the  virus  is  not  confined  to  the 
site  of  inoculation  but  is  distributed  by  the  blood  throughout  the  organs 
in  varying  degree.  In  normal  vaccination,  however,  it  does  not  produce 
any  naked-eye  evidence  of  its  presence;  it  does  not  give  rise  to  papules 
or  vesicles,  or  macroscopic  lesions  within  the  internal  organs. 

Abnormal  By  generalization  in  the  clinical  sense  is  denoted  those  extremely  few, 
generalization  generally  mild  but  in  some  very  rare  instances  grave  cases,  in  which  over 
part  or  the  whole  of  the  body  there  is  a  generalized  vesicular  rash,  and  in 
the  graver  instances  the  patient  presents  the  aspect  of  a  smallpox  infec¬ 
tion.  In  fatal  cases  nodules  or  necrotic  foci  are  found  in  internal  organs. 
In  the  mildest  cases  a  few  vesicular  elements  occur  in  areas  where  no 
accidental  infection  from  the  site  of  inoculation  can  be  suspected.  It  is 
not  certain  that  some  of  the  papular  rashes  may  not  be  of  this  nature. 
Incidence  It  is,  however,  permissible  we  think  to  limit  the  term  generalized 
vaccinia  to  such  cases  as  show  some  vesicular  rash.  The  rarity  of  such 
cases  can  be  judged  from  the  following  figures:  for  the  five  years  1st  July 
1932  to  30th  June  1937  in  1,026,588  reports  of  vaccinations  sent  in  by 
the  Public  Vaccinators  of  England  and  Wales,  fifteen  cases  and  eleven 
doubtful  cases  were  reported  with  one  death,  giving,  if  the  doubtful 
cases  are  included,  an  incidence  rate  not  exceeding  1  in  39,484  vaccina¬ 
tions  and  a  death-rate  of  1  in  over  1  million.  We  believe  that  the  condi- 
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tion  is  attributable  to  hyper-susceptibility  of  the  vaccinated  person. 

According  to  Tedder,  Anders  gave  the  following  figures;  6  to  8  cases  in 
500,000  vaccinations  (Chaveau);  4  cases  in  39,915  during  1888  to  1898 
and  3  cases  in  170,576  during  1893  to  1897  (Haslund),  5  cases  in  100,000 
(Voigt);  50  to  60  in  2,285,579  (Groth). 

When  a  generalized  eruption  appears  in  vaccinia,  the  constitutional  Comparison 
disturbance  accompanying  it  is  less  than  in  variola.  Vloreover  the  erup¬ 
tion  appears  earlier  than  in  variola,  usually  between  the  tenth  and 
twelfth  day  after  inoculation.  The  papulo-vesicular  rash  has  an  appear¬ 
ance  of  immaturity  even  though  some  of  the  vesicles  may  become 
pustular.  Although  such  an  eruption  appears  to  select  the  skin  of  the 
vaccinated  arm  more  than  other  sites,  its  general  distribution  follows 
that  of  variola. 

(e)  Post-Vaccinal  Encephalitis 

Post-vaccinal  encephalitis  is  rare.  Symptoms  appear  as  early  as  the 
second  day  after  vaccination  and  as  late  as  the  fifteenth,  the  mean 
period  being  ten  days.  The  onset  is  usually  sudden  and  is  characterized  clinical 
by  pyrexia,  headache,  vomiting,  and  drowsiness.  Some  cases  are  mild. 

Others  develop  paralysis  which  is  at  first  spastic  but  which  may  later 
become  flaccid.  The  paralysis  may  be  localized  or  extensive.  Convulsions 
may  develop.  Death  may  occur  in  a  varying  proportion  of  cases,  from  Mortality 
50  per  cent  downwards,  within  two  to  six  days.  Those  who  recov^er 
exhibit,  usually,  no  after-effects.  Only  some  of  the  above  symptoms  may 
be  present. 

The  lesions  in  the  nervous  system  (Turnbull  and  McIntosh;  Perdrau)  Morbid 
have,  as  their  chief  characteristic,  perivascular  softening  and  demyelina- 
tion.  The  vessels  concerned  are  principally  those  of  the  white  matter  of 
the  brain  and  cord.  The  lesions  are  often  symmetrical. 

The  disease  flrst  became  known  in  1922;  it  aflected  particularly  Holland  History 
and,  to  a  less  degree.  Great  Britain.  It  has  been  the  subject  of  much 
research,  in  Great  Britain  particularly  by  the  Andrewes  Committee  of 
1923-5,  the  findings  of  which  are  embodied  in  the  report  of  the  Com¬ 
mittee  on  Vaccination,  1928,  appointed  by  the  Minister  of  Health.  It  was 
found  that  the  condition  was  most  common  after  primary  vaccination 
of  children  of  school  age  and  of  adolescents  and  was  exceedingly  rare  in 
infants  and  in  cases  of  revaccination. 

Both  the  British  Committees  and  the  Dutch  investigators  agreed  that  Hypotheses 
the  association  with  vaccination  was  not  fortuitous  but  that  vaccinia  of  causation 
could  not  be  held  solely  responsible.  The  nature  of  the  association  is 
still  unknown.  Most  workers  favour  the  hypothesis  of  the  activation 
by  vaccinia  of  some  unknown  neurotropic  virus  harboured,  without 
arousing  symptoms,  by  the  vaccinees  prior  to  vaccination.  The  disease 
was  not  associated  with  the  use  of  lymph  manufactured  by  any  par¬ 
ticular  institute  or  prepared  in  any  particular  way. 

From  December  1922  till  the  end  of  1929, 186  cases  were  recorded  in  Incidence 
England  and  Wales  with  97  deaths,  or  3  cases  in  100,000  vaccinations. 
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x4ccording  to  the  Annual  Reports  of  the  Chief  Medical  Officer  of  the 
Ministry  of  Health  there  has  been  a  diminution  of  the  incidence  of  this 
disease  in  recent  years  in  England  and  Wales.  In  1934,  5  cases  were 
reported;  in  1935,  no  cases;  in  1936,  5  cases;  in  1937,  5  cases. 

Greenfield  considered  that  encephalo-myelitis  following  vaccination 
should  not  be  regarded  as  a  separate  entity  but  should  be  grouped  with 
forms  which  may  follow  other  febrile  illnesses.  The  lesions  found  in 
encephalitis  following  measles,  smallpox,  chicken-pox,  and  influenza  are 
of  the  same  histological  nature  (Perdrau  and  others). 

Treatment  by  the  administration,  as  early  as  possible,  of  the  serum  of  a 
vaccinated  person  (preferably  recently  vaccinated)  or  of  an  antivaccinal 
horse  serum  at  present  supplied  by  the  Lister  Institute,  Elstree,  Herts., 
may  prove  of  use.  Treatment  by  human  serum,  according  to  the  Further 
Report  of  the  Committee  on  Vaccination  (1930),  p.  67,  was  first  adopted 
in  this  country  by  Horder  (1929)  on  the  advice  of  M.  Gordon,  and  inde¬ 
pendently  in  Holland  by  Hekman.  The  Committee  were  of  opinion  that 
the  cases  cited  by  the  latter  supplied  a  pow^erful  argument  for  the  use  of 
the  human  antivaccinal  serum  as  a  treatment  which  should  be  instituted 
at  the  earliest  possible  moment.  The  administration  may  be  either  by 
the  intrathecal  route,  after  allowing  some  cerebrospinal  fluid  to  escape 
(Horder  gave  5  c.c.),  or  by  the  intravenous  route  (reported  doses  8  to  30 
c.c.  repeated  if  necessary).  The  relief  of  cerebrospinal  fluid  tension  seems 
important.  If  human  serum  is  used,  normal  precautions  should  be 
adopted  to  see  that  the  donor  is  not  syphilitic. 
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Reference  may  also  be  made  to  the  following  titles: 


ANEURYSM  THROMBOSIS  OF  CEREBRAL 
ANGIOMA  VEINS  AND  SINUSES 


1. -ANATOMICAL  CONSIDERATIONS 

1596.]  The  veins  form  a  system  of  thin-walled  vessels  conveying  the 
Wood  from  the  peripheral  capillary  plexuses  in  the  tissues  to  the  heart. 
The  circulation  of  the  blood  in  the  veins  is  maintained  partly  by 
differences  in  the  blood-pressure,  which  is  highest  in  the  small  veins 
at  the  periphery  and  lowest  in  the  large  veins  near  the  heart,  partly 
by  the  movement  of  the  body  tissues  established  by  muscular  action, 
and  partly,  in  the  systemic  circulation,  by  a  series  of  cusp-like  valves 
which  prevent  regurgitation  of  the  blood,  that  might  occur  in  the 
limbs  as  the  result  of  either  the  action  of  gravity  or  a  sudden  increase 
in  the  blood-pressure  in  the  great  veins  near  the  heart. 

The  vein  wall  of  the  smallest  vessels  consists  merely  of  a  single  layer 
of  endothelium.  As  the  vessels  become  larger  this  is  reinforced  with 
an  outer  support  of  connective  tissue,  which  in  the  larger  veins  is 
supplemented  by  elastic  tissue  and  in  the  venae  cavae  by  a  certain 
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amount  of  unstriped  muscular  tissue;  this,  in  the  inferior  vena  cava, 
possesses  the  same  power  of  rhvthmic  contractility  as  does  the  muscle 
of  the  right  auricle  of  the  heart  with  which  it  has  a  common  develop- 

mental  origin  in  the  sinus  venosus. 

It  is  customary  to  divide  the  veins  into  four  systems  according  to  Systems 
their  collective  areas  of  distribution:  namely,  pulmonary,  cerebral, 
portal,  and  systemic.  The  pulmonary  venous  system  collects  the  Pulmonary 
oxygenated  blood  from  the  capillary  plexuses  among  the  alveoli  of 
the  lungs  and  delivers  it  into  the  left  auricle  of  the  heart  through  the 
pulmonary  veins.  The  veins  throughout  are  very  thin-walled  for  their 
size  and  are  without  valves. 

The  cerebral  veins  consist  of  a  vast  network  of  endothelial  tubes  Cerebral 
which  receive  not  only  the  arterial  blood  from  the  cerebral  tissues  but 
also  a  certain  proportion  of  the  cerebrospinal  fluid.  They  discharge 
into  the  great  venous  sinuses  of  the  brain  and  thence  through  various 
foramina  in  the  skull  into  the  jugular  veins  and  other  superficial  veins 
of  the  head  and  neck.  Owing  to  their  thin  walls^airpolDr  external 
support  they  are  particularly  liable  to  bleeiseyerely  as  the  result  of 
trauma  of  the  skull  and  are  the  chief  source  of  iStfacranial  haemor¬ 
rhage  in  cases  of  fractured  skull  or  concussion.  These  veins  are  also 
without  valves. 

The  veins  of  the  portal  system  convey  to  the  liver  the  products  of  ParM 
digestion  as  well  as  the  water  absorbed  from  the  large  intestine.  They 
collect  the  blood  from  the  capillaries  throughout  the  intestinal  tract 
and  converge  via  the  mesenteric  veins  to  the  portal  veins  of  the  trans¬ 
verse  fissures  of  the  liver.  Just  before  entering  the  liver  the  splenic  vein 
inosculates  with  this  system.  The  portal  vein  breaks  up  into  a  mass 
of  capillaries  among  the  cells  of  the  liver  and  the  blood,  from  which 
the  bulk  of  the  food-products  is  removed,  is  collected  into  another  ■ 
capillary  system  whence  it  is  conveyed  through  the  hepatic  vein  into 
the  inferior  vena  cava  and  so  to  the  right  auricle.  The  veins  are  valve¬ 
less  and  any  increase  of  blood-pressure  is  reflected  to  the  lowest 
branches  around  the  anus  and  rectum,  which  become  distended  to 
form  haemorrhoids  or  piles.  (See  also  Vol.  VIII,  p.  91,  and  VoL  X, 
p.  503.) 

The  systemic  circulation  returns  the  blood  from  the  Hmbs,  trunk,  Systemic 
head,  and  neck  through  a  system  of  veins,  some  of  which  are  situated 
deeply  among  the  muscles  and  others  superficially  in  the  deeper  layers 
of  the  fatty  subcutaneous  tissue  where  they  form  a  network  visible 
to  the  naked  eye  except  in  very  obese  subjects.  The  smaller  veins 
accompany  the  peripheral  arteries  and  are  usually  two  or  three  in 
number,  intercommunicating  freely  and  known  as  venae  comites.  The 
larger  veins  formed  by  the  confluence  of  the  venae  comites  and  other 
vessels  run  independently  but  in  nearly  all  cases  alongside  of  the 
corresponding  arteries  and  ultimately  converge,  from  the  head,  neck, 
and  upper  extremities  into  the  superior  vena  cava  and  from  the  lower 
extremities  and  portal  system  into  the  inferior  vena  cava,  whence  the 
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venous  blood  is  poured  into  the  right  auricle  of  the  heart  to  be  pro¬ 
pelled  through  the  right  ventricle  and  pulmonary  artery  into  the 
venous  plexuses  of  the  pulmonary  system. 

Arranged  throughout  the  veins  of  the  systemic  circulation  are  a  series 
of  bicuspid  and  tricuspid  valves,  usually  situated  in  the  neighbourhood 
of  venous  junctions.  They  are  particularly  common  in  the  ext,remities 
where  sudden  increase  of  venous  pressure  from  intra-abdominal  or 
intrathoracic  pressure  and  also  the  action  of  gravity  against  which  the 
blood-stream  is  flowing  have  to  be  overcome.  These  valves  act  by  the 
falli,iig  together  of  the  cusps  and  obliteration  of  the  lumen  of  the  veins, 
thus  preventing  the  reflux  of  blood  beyond  the  valve.  They  may  be 
seen  in  the  superficial  veins  forming  a  series  of  knot-like  thickenings 
on  coughing  or  exertion.  Under  certain  conditions  of  stretching  or 
inflammation  of  the  vein  wall  or  endothelium  these  cusps  fail  to  meet 
and  the  valve  then  becomes  incompetent  and  fails  in  its  purpose  of 
stopping  the  venous  reflux — a  condition  commonly  met  in  advanced 
cases  of  varicose  veins  and  detected  clinically  by  the  presence  of  a 
reflex  thrill  down  the  whole  course  of  the  affected  vein  when  the 
patient  coughs  or  strains. 

The  veins  of  all  these  systems  are  closely  accompanied  throughout 
their  course  by  the  lymphatic  vessels  draining  the  corresponding 
areas,  and  for  this  reason  the  groups  of  lymphatic  glands  are  generally 
situated  in  the  neighbourhood  of  important  venous  junctions  such  as 
in  the  groin,  axilla,  and  root  of  the  neck.  This  anatomical  fact  must 
be  taken  into  account  when  dealing  surgically  with  such  affections  of 
the  lymph  nodes  as  abscesses  and  explains  the  venous  dilatation  from 
congestion  which  is  so  common  in  conditions  of  enlarged  lymph 
nodes,  as  for  example  mediastinal  glands  in  cases  of  Hodgkin’s 
disease. 


2.-OBSTRUCTION 

Compensatory  enlargement  of  minor  veins  follows  an  obliteration  of 
any  large  vein  resulting  from  either  injury  or  inflammation.  There  is 
temporary  embarrassment  of  the  circulation  in  the  limb,  shown  by 
cyanosis  and  pitting  oedema  of  the  part  beyond  the  obstruction.  This 
condition  improves  as  a  compensatory  circulation  is  established  by 
enlargement  and  development  of  other  venous  channels.  This  re¬ 
establishment  of  the  circulation  can  be  hastened  by  judicious  active 
movement  and  massage  which  should  be  begun  as  early  as  possible 
after  the  obliteration.  Where  superficial  veins  are  enlarged  they  become 
obvious  as  distended  and  tortuous  vessels,  the  valves  of  which  tend  to 
become  incompetent  from  the  resultant  stretching  of  their  walls.  They 
are,  however,  lined  with  normal  endothelium  and  must  not  be  mistaken 
for  varicose  veins,  though  in  the  course  of  time  degenerative  changes 
in  their  walls  convert  them  into  varicose  veins. 

It  is  important  in  the  early  stages  to  realize  these  differences  as 
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obliteration  of  these  compensatory  channels  often  causes  Permanent 
oedema  of  the  limb  and  a  lasting  embarrassment  of  the  arcuktio^ . 
Thouah  surgical  interference  may  be  justifiable  and  necessary  m 
late  stages '’when  val\-ular  incompetence  has  become  permanen  y 
established,  in  the  early  stages  all  that  is  called  for  is  massage  and  an 
elastic  support,  such  as  a  suitable  stocking  or  crepe  bandage  which 
will  enable  the  patient  to  get  about  without  discomtort  or  swelling  ot 
the  part  while  the  circulation  has  a  chance  to  become  re-established, 
when  the  dilated  superficial  vessels  will  permanently  return  to  normal. 


3.-VARICOSE  VEINS 


This  condition  is  undoubtedly  hereditary^  and  its  iocidence  seems  to  Mreritance 
follow  the  Mendelian  law.  The  expression  varicose  veins  usually 
denotes  a  dilated  and  tortuous  condition  of  the  systemic  veins  but 
varicosities  occur  in  the  portal  circulation  and  haemorrhoids  and 
varicose  veins  are  often  associated  in  the  same  person.  As  might  be 
expected,  gravity  and  the  upright  position  render  varicose  veins  far 
more  noticeable  in  the  lower  extremities,  and  it  is  seldom  that  they 
are  complained  of  elsewhere  though  undoubtedly  the  changes  about 
to  be  described  in  the  walls  of  the  veins  can  be  detected  in  vessels  else- 


where  in  the  body.  ^  ^ 

The  changes  in  the  walls  of  varicose  veins  consist  in  an  absence  of 
elastic  tissues  and  degeneration  in  the  endothelial  lining,  with  con- 

siderable  perivascular  fibrosis  which  increases  with  time  so  that  the 
vessels  become  tortuous  and  dilated  with  rigid  and  thickened  walls 
as  the  result  of  the  dilatation.  Irregular  distension  of  the  veins  occurs 
in  certain  situations.  The  cusp-like  valves  become  incompetent  and 
allow  reflux  of  venous  blood  on  exercise  with  undue  venous-pressure 
in  the  lower  parts  of  the  limb,  the  tissues  of  which  consequently  become 
cyanotic  with  impaired  nutrition  and  therefore  liable  to  infection  and 
ulceration  on  very  slight  provocation.  As  the  result  of  increased  tension 
aching  pain  is  often  present,  and  the  impaired  circulation  often  results 
in  pitting  oedema  at  the  periphery  of  the  limb. 

These  varicose  conditions  of  the  veins  start  in,  and  exist  primarily  in, 
the  deeper  veins  of  the  muscles  and  bones  of  the  hmb  and  it  is  not 
until  communications  between  the  deep  and  superficial  veins  become 
affected  and  their  valves  incompetent  that  superficial  varices  become 
apparent ;  varicose  veins  therefore  are  not  usually  noticed  until  adult 
life  or  until  the  strain  of  prolonged  standing  or  pregnancy  causes 
prolonged  and  undue  pressure  on  the  venous  system  of  the  lower 
limbs.  The  connecting  veins  between  the  superficial  and  deep  systems 
of  the  lower  limbs  are  situated  at  the  saphenous  opening,  at  the 
junction  of  the  lower  and  middle  thirds  of  the  thigh,  in  the  popliteal 
space,  and  at  the  junction  of  the  upper  and  middle  and  lower  and 
middle  thirds  of  the  leg  on  the  inner  side.  The  superficial  varices 
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become  manifest  at  these  points  in  the  first  place,  and  are  a  most 
marked  formation  frequently  observed  as  prominent  masses  of  dilated 
veins. 

Undoubtedly  in  a  few  cases  local  trauma  with  its  subsequent  inflam¬ 
matory  reaction  leads  to  the  development  of  a  localized  patch  of 
varicose  veins  at  some  part  of  the  limb,  but  these  seldom  spread  or 
increase  greatly  unless  there  is  a  family  history  of  varicose  veins. 

A  patient  with  varicose  veins,  especially  if  they  are  of  the  great 
saphenous  type,  must  be  carefully  examined  to  ascertain  whether  a 
reflex  thrill  is  present  on  coughing,  indicating  that  valvular  incom¬ 
petence  is  already  present.  Moreover,  if  such  a  thrill  is  present  in  the 
upper  part  of  the  great  saphenous  vein  it  must  next  be  ascertained,  by 
obfiterating  this  vein  in  the  middle  of  the  thigh  and  again  making  the 
patient  cough,  if  such  a  thrill  can  be  detected  below  the  communicating 
vein  in  the  lower  part  of  the  thigh.  If  this  is  present,  which  it  not  un¬ 
commonly  is  in  old-standing  cases,  it  indicates  that  this  communicating 
vem  as  well  as  that  at  the  saphenous  opening  needs  surgical  attention. 
In  only  a  very  few  cases  can  a  thrill  be  detected  below  the  knee  when 
the  saphenous  vein  is  obhterated  at  that  level,  but  its  presence 
necessitates  surgical  intervention  for  obliteration  of  the  vein  below 
the  communication  in  the  upper  part  of  the  leg.  It  is  important  to  be 
certain  of  the  presence  of  valvular  incompetence  before  deciding  on 
the  appropriate  treatment. 

The  modern  treatment  of  varicose  veins  by  obliteration  of  the  lumen 
of  the  vessel  by  aseptic  thrombosis  produced  by  injection  of  some 
mild  irritant  is  more  than  unhkely  to  be  successful  in  the  presence  of 
valvular  incompetence  with  reflux  of  blood.  In  cases  in  which  a  thrill 
can  be  detected  it  is  advisable,  and  in  the  opinion  of  most  surgeons 
necessary,  to  obliterate  the  veins  at  one  or  more  places  by  ligation 
before  success  by  injection  treatment  can  be  expected. 

The  injection  treatment  of  varicose  veins  consists  in  the  introduction 
into  the  lumen  of  the  vein  of  some  mildly  irritant  substance  which 
will  produce  not  only  thrombosis  of  the  stagnant  blood  but  irritation 
and  panulation  of  the  damaged  endothelial  fining  with  consequent 
fibrosis,  narrowing,  and  obliteration  of  the  lumen  of  the  vein.  Many 
substances  have  been  used  for  this  purpose  and  many  techniques 
employed;  the  treatment  has  now  been  in  use  for  approximately  twenty 
years  and  has  stood  the  test  of  time;  its  results  are  uniformly  satis¬ 
factory  if  the  method  is  employed  in  suitable  cases  and  it  has  the 
advantage  of  allowing  the  patient  to  continue  his  vocation  throughout 
the  treatment.  The  risk  of  detachment  of  clot  is  extremely  small  but 
it  does  rarely  occur  and  a  few  fatal  cases  have  been  reported.  The 
results  UMediately  lead,  as  has  been  stated,  to  obliteration  of  the 
venous  cmculation  in  that  area  and  a  compensatory  enlargement  of 
surrounding  veins,  so  that  a  certain  number  of  patients  return  for  a 
recurrence;  if  all  cases  are  carefully  followed  up  it  will  be  found  that 
some  30  per  cent  of  patients  return  in  from  one  to  five  years  for  further 
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injections  in  these  locally  enlarged  compensatory  veins  injections 
which  can  be  carried  out  with  confidence  and  success.  This  rapid  and 
aseptic  thrombosis  is  produced  more  easily  in  varicose  than  in  normal 
veins.  By  each  injection,  several  inches  of  vein  can  be  obliterated  and 
in  cases  which  are  not  very  exte.nsive  a  course  of  several  inject.ioiis  will 
produce  great  benefit. 

There  appears  to  be  no  risk  of  embolism  so  long  as  the  resulting  Embolism 
thrombus  remains  sterile,  but  it  is  an  additional  safeguard  to  make 
the  injection  with  the  patient  sitting  up  and  the  leg  straight  out  or 
hanging  down,  according  to  which  position  enables  the  vein  to  be 
just  visible,  as  when  the  patient  is  erect  the  blood  in  a  varicose  vein 
fiow's  tow^ard  the  periphery. 

Many  solutions  have  been  used  for  injection,  aE  of  which  will  effect  Solutions  use^ 
a  cure  provided  the  fluid  is  injected  into  the  vein  and  none  escapes 
into  the  tissues  around,  an  accident  often  resulting  in  sloughing  of 
the  tissues  and  ulceration.  The  following  solutions  can  be  used;  all 
must,  of  course,  be  sterEe:  sodium  salicylate,  20  to  40  per  cent  solution, 

1  to  3  c.c.  for  each  injection;  sodium  morrhuate,  5  per  cent  solution, 

5  C.C.;  sodium  chloride,  20  per  cent  solution,  3  to  10  c.c.;  dextrose, 

50  per  cent  solution,  5  c.c.;  mercuric  chloride,  1  or  2  per  cent  solu¬ 
tion,  1  to  3  C.C.;  quinine  hydrochloride,  5  per  cent  with  urethane, 

2-5  per  cent  in  saEne,  5  to  15  c.c.;  or  quinine  hydrochloride  9  per 
cent  solution,  with  4-5  per  cent  of  urethane,  1  to  5  c.c.  After  consider¬ 
able  experience,  the  quinine  and  urethane  solution  is  recommended.  Choke  of 
usually  a  5  per  cent  solution  of  quinine  hydrochloride  with  5  c.c.  as 
the  initial  injection,  the  9  per  cent  quinine  solution  being  given  only 
in  those  rare  cases  in  which  the  5  per  cent  solution  fails  to  produce 
thrombosis.  The  injection  is  painless  though  some  stiffness  and  dis¬ 
coloration  occur  locaEy  in  twenty-four  hours,  and  the  general  effects  are 
slight  and  transitory;  the  reaction  continues  locally  for  about  ten  days 
and  no  second  injection  should  be  given  anywhere  until  all  tenderness 
on  palpation  has  gone  from  the  thrombosed  area,  usually  fourteen  days 
after  the  first  injection. 

It  is  impossible  to  give  a  prognosis  as  to  the  results;  in  some  patients  Results 
the  entire  leg  is  cured  by  one  injection,  in  others  clotting  occurs  only 
for  an  inch  or  so;  some  veins  clot  completely  and  in  others  a  small 
central  canal  persists  with  a  thickened  wall,  so  that  the  vein  no  longer 
bulges  or  shows. 

Certain  cases  are  unsuitable  for  injection,  e.g.  (i)  deep  femoral  throm-  Contra- 
bosis  and  white  leg,  (ii)  the  acute  phlebitis  which  often  follows  injury, 

(iii)  pregnancy,  as  other  veins  appear  subsequently  and  there  may  be 
a  risk  of  abortion,  and  (iv)  the  presence  of  a  Trendelenburg  back- 
impulse  on  coughing;  such  cases  never  clot  unless  Trendelenburg’s 
operation  for  the  Egature  of  the  saphenous  vein  is  first  carried  out. 

The  patient  sits  with  the  leg  either  straight  out  or  dependent  so  that  the  Technique 
vein  just  shows.  The  leg  is  then  cleaned  with  2  per  cent  solution  of  iodine  in 
alcohol.  Care  must  be  taken  to  ensure  that  the  needle  is  in  the  lumen  of  the 
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vein,  by  withdrawing  some  blood  into  the  syringe.  The  injection  in  all  cases 
should  be  made  from  above  downwards  starting  with  the  highest  group  of 
veins  and  5  c.c.  of  quinine  and  urethane  solution  injected  into  one  or  more 
selected  sites;  the  injected  veins  should  then  be  firmly  stroked  a  few  times 
from  the  point  of  injection  towards  the  periphery;  this  ensures  a  more 
extensive  obliteration.  A  sponge  is  held  over  the  puncture  and  a  piece  of  zinc 
oxide  plaster  applied,  or  if  the  veins  are  large  they  should  be  bandaged  to 
prevent  a  mass  of  clotted  veins  forming.  The  patient  can  then  walk  away  and 
pursue  his  usual  avocation. 

Whenever  there  is  a  thrill  or  impulse  on  coughing,  and  especially 
when  the  varicose  veins  are  confined  to  the  great  saphenous  system  and 
are  causing  pain  from  back  pressure,  Trendelenburg’s  operation  should 
be  performed,  and  this  is  essential  as  a  preliminary  to  injection  in  all 
cases  in  which  such  a  thrill  is  present  on  coughing. 

This  consists  in  ligature  of  the  great  saphenous  vein  and  removal  of  a  portion 
of  it  as  high  up  as  possible,  and  it  is  best  to  excise  completely  the  saphenous 
pouch  and  the  branches  which  enter  it.  By  this  means  the  back  pressure 
from  the  big  veins  of  the  trunk  is  cut  off.  An  incision  two  inches  long  should 
be  made  a  finger’s  breadth  internal  to  the  femoral  pulse  over  the  saphenous 
opening  and  running  downwards  and  outwards.  Through  this  the  vein  and 
its  branches  are  isolated  and  tied  in  two  places  and  portions  of  them  are 
removed.  Four  separate  branches  will  usually  be  found  entering  the  saphenous 
pouch.  Injection  of  the  veins  below  can.  be  carried  out  at  the  time  of  operation 
and  subsequently  during  the  patient’s  convalescence. 

The  presence  of  varicose  eczema  or  ulceration  in  the  lower  part  of 
the  limb  does  not  contra-indicate  treatment  by  injection,  though  it 
may  be  difficult  to  ascertain  the  position  of  the  veins  above  this  area 
owing  to  oedema.  In  such  cases  it  is  well  to  apply  a  varicosan  or  elasto- 
plast  bandage  for  a  fortnight,  and  when  it  is  removed  the  reduction 
in  the  oedema  will  enable  the  veins  to  be  visualized  so  that  they  can 
be  easily  injected,  a  procedure  which  is  rapidly  followed  by  amelioration 
in  varicose  eczema  and  healing  of  ulceration. 


4.-VAMCOCELE 

The  aetiology  of  the  varicose  condition  of  the  veins  of  the  pampiniform 
plexus  known  as  varicocele  is  often  obscure  though  its  more  common 
presence  on  the  left  side  of  the  body  suggests  that  the  right-angled 
opening  of  the  left  spermatic  vein  into  the  renal  vein  renders  its  radicles 
more  liable  to  obstruction  than  the  sloping  opening  of  the  right  sper¬ 
matic  vein  into  the  inferior  vena  cava.  The  condition  is  undoubtedly 
aggravated  in  constipated  individuals  by  the  drag  of  the  loaded  sigmoid 
colon  and  rectum  compressing  and  distorting  the  left  spermatic  vein 
as  it  crosses  the  pelvic  brim  just  behind  the  pelvi-rectal  junction. 

Varicocele  may  be  secondary  to  new  growths  of  either  kidney  which 
obstruct  the  venous  return  into  the  renal  vein,  or  to  carcinoma  of  the 
pelvi-rectal  region  causing  similar  congestion,  and  more  rarely  retro- 
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peritoneal  teratomas  or  sarcomas  may  cause  varicosity  of  one  or  both 
pampiniform  plexuses.  If  a  varicocele  occurs  on  the  right  side  it  is 
probably  due  to  a  right  renal  growth.  In  every  case  therefore^  especially 
■when,  the  onset  of  the  varicocele  is  sudden,  the  urine  should  be  examined 
for  blood  and  the  abdo,men  palpated  carefiiiiy.  Should  one  of  these 
pri,m.ary  causes  be  discovered  .it  obviously  calls  for  urgent  treatment, 
if  possible  by  re,moval,  when  the  secondary  scrotal  conditio,n  will 
improve. 

In  most  cases,  however,  uniiaterai  varicocele,  usually  left-sided,  exists  MiopatMc 
without  any  obvious  cause,  even  constipation  being  absent,  and  in 
these  cases  it  cannot  be  too  strongly  urged  t,hat  no  treatment  is  called 
for  unless  the  condition  is  causing  pain  and  discomfort.  Unless  the 
patient’s  attention  is  directed  to  it  and  his  mind  disturbed  by  unfounded 
tales  of  the  danger  of  impotence  if  the  condition  is  left  untreated,  he  is 
rarely  troubled  by  its  presence. 

Cii,mcally  the  condition  is  easily  recognized.  It  is  usually  unilateral  Climcal 
and  left-sided  and  the  distorted,  tortuous,  and  distended  veins  give 
a  typical  appea,rance,  often  likened  to  ‘a  bag  of  worms’  within  the 
pendulous  scrotum.  The  patients  are  often  young,  anaemic,  and  neurotic 
and  complain  of  intense  pain  in  the  testis,  abnorm,al  sexual  feelings, 
impotence,  or  asthenia.  The  testis  is  often  smaller  than  the  one  on  the 
opposite  side  and  a  small  hydrocele  may  be  present.  Careful  rectal  and 
abdominal  examination  must  be  made  to  exclude  the  possibility  of  any 
organic  lesion  elsewhere,  and  the  heart  should  be  examined. 

In  some  few  cases,  especially  in  hot  countries  and  in  patients  taking  indications 
riding  exercise,  if  the  scrotum  is  pendulous,  pain  and  a  congested  treatmen 
feeling  result  from  exertion;  in  these  circumstances,  as  also  in  candidates 
for  the  services  in  whom  a  varicocele  may  be  used  as  a  cause  of  malinger¬ 
ing,  it  is  justifiable  to  interfere. 

In  elderly  patients  all  that  is  usually  necessary  is  a  well  fitted  net  Suspender 
suspensory  bandage  to  support  the  scrotum  against  the  perineum; 
this  need  be  worn  only  during  the  day  and  is  a  source  of  comfort  to 
the  patient.  Suspensory  bandages  are  not  recommended  for  neurotic 
young  men  as  their  presence  tends  to  concentrate  the  patient’s  attention 
on  his  genitalia.  In  cases  in  which  a  suspensory  bandage  is  ill  tolerated, 
or  in  which  the  patient  is  a  candidate  for  one  of  the  services,  operation  Operation 
may  be  undertaken  and  the  main  mass  of  the  pampiniform  plexus 
ligated.  Recently  the  injection  of  quinine  and  similar  drugs  has  been  injection 
successful  in  clotting  the  veins;  but  this  treatment  must  be  used  with 
caution  as  some  cases  of  sloughing  of  the  cord  have  followed  escape 
of  the  fluid  into  the  connective  tissues. 


5."WOUNDS 

Contusions  of  veins  result  in  most  cases  in  aseptic  phlebitis,  but  this  Contusion 
may  be  converted  into  a  septic  phlebitis  from  infection  transnoitted 
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through  the  damaged  overlying  skin  tissues.  The  treatment  of  these 
conditions  is  dealt  with  subsequently  but  is  essentially  rest.  For  the 
contusion,  cold  compresses  or  a  dressing  damped  with  evaporating 
lead  lotion  should  be  applied  over  the  bruised  area. 

Incised  or  punctured  wounds  of  veins  may  result  from  accident, 
deliberate  injury,  or  occur  during  venesection.  Haemorrhage  in  a 
steady  stream  of  more  or  less  severity  results,  according  to  the  size 
of  the  vein  affected.  Partial  severance  of  a  vessel  is  often  followed  by 
bleeding  which  will  cease  if  the  vessel  is  completely  cut  across.  The 
blood  emerges  in  a  steady  stream  and  is  at  first  dark  in  colour  but 
rapidly  becomes  oxygenated  on  exposure  to  the  air.  Except  in  the  case 
of  wounds  of  large  veins,  venous  haemorrhage  is  seldom  fatal  as  it  is 
rapidly  controlled;  occasionally,  especially  in  the  case  of  wounds  of 
the  large  veins  at  the  base  of  the  neck,  air  is  sucked  into  the  vein, 
and  if  this  occurs  in  any  great  amount  sudden  death  may  occur  from 
cardiac  embarrassment  following  a  churning  of  the  air  in  the  heart 
cavities. 

The  treatment  of  venous  haemorrhage  is  pressure  distal  to  the  wound, 
elevation  of  the  part  above  the  heart  level,  and  application  of  a  pad 
and  bandage  over  the  wound.  Subsequent  debridement  of  the  wound 
with  ligature  of  the  damaged  vessel  must  be  carried  out  under  aseptic 
precautions  and  a  general  anaesthetic  is  usually  required.  When  it  is 
suspected  that  air  is  being  sucked  into  the  wound  a  wet  pad  soaked 
with  sterile  fluid,  e.g.  saline,  should  be  placed  over  the  puncture 
immediately.  The  haemorrhage  from  ruptured  varicose  veins  in  the  leg 
when  the  valves  are  incompetent  is  often  alarming  and  occasionally 
fatal  unless  prompt  treatment  is  carried  out  on  the  lines  indicated. 

As  a  result  of  perforating  wounds  of  veins,  either  by  venesection  or 
accident,  a  communication  may  be  established  with  neighbouring 
arteries  and  an  arteriovenous  aneurysm  result.  Injuries  of  this  nature 
were  particularly  common  after  gun-shot  wounds  in  the  war  1914-18; 
they  give  rise  to  a  pulsatile  tumour  below  which  a  tortuous  and  often 
pulsating  vein  can  be  detected  though  it  may  be  masked  by  oedema 
of  the  limb.  On  auscultation  over  the  tumour  a  characteristic  buzzing 
bruit  can  be  heard.  In  the  acute  stages  considerable  and  sudden  collapse 
may  result  from  the  sudden  loss  of  a  large  quantity  of  blood  from  the 
circulation  into  the  over-distended  veins  of  the  affected  limb.  When 
following  a  fracture  of  the  anterior  fossa  of  the  skull  behind  the  orbit 
this  condition  gives  rise  to  one  form  of  pulsating  exophthalmos.  (See 
also  Enophthalmos  and  Exophthalmos,  Vol.  V,  p.  47.)  Treatment 
consists  in  ligature  of  both  artery  and  vein  above  and  below  the 
tumour  with,  if  possible,  excision  of  the  sac,  except  in  the  case  of 
the  post-orbital  arteriovenous  aneurysm  when  ligature  of  the  internal 
carotid  artery  is  the  only  treatment  possible — an  operation  which  is 
fraught  with  some  risk  of  hemiplegia. 
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6.-PHLEBmS 

The  formation  of  a  clot  in  a  vein  usually  follows  trauma  sufficiently 
severe  to  damage  the  wall  of  the  vein  without  causing  its  mpture; 
should  mpture  occur  escape  of  blood  takes  place  into  the  tissues  and 
a  bruise  results  from  the  extensive  extravascular  clotting.  Aseptic  Aseptic 
phlebitis  with  the  formation  of  a  hard,  localized,  and  adherent  clot 
may  be  produced  either  by  a  blow  or  by  an  injection  of  sclerosing 
fluids  into  veins,  the  endothelial  lining  of  which  is  degenerate  or 
damaged,  a  similar  trauma  or  injection  producing  little  or  no  reaction 
in  a  normal  vein.  Septic  phlebitis  results  from  trauma  and  infection  Septic 
and  foliow^s  transmission  of  organisms  through  the  damaged  skin; 
this  is  particularly  iiabie  to  occur  with  impaired  nutrition  of  the 
tissues  arising  with  varicosity  of  the  underlying  veins.  The  condition 
also  foliow^s  childbirth  or  abdominal  operations  when  infection  has 
occurred.  In  these  cases  the  iliac  or  femoral  veins  are  commonly 
affected  with  resulting  persistent  and  painful  oedema  of  the  leg — a 
condition  known  as  ‘white  leg’  (phlegmasia  alba  dolens),  which  pro-  ‘  White  leg" 
duces  considerable  disability  and  discomfort  which  is  usually  per¬ 
manent.  (See  also  Puerperium,  VoL  X,  p.  392.)  In  either  case  there 
is  a  hard  painful  swelling  on  the  course  of  the  vein  over  the  thrombosed 
area,  and  bruising  and  discoloration  appear  in  the  surrounding  tissues. 

In  septic  phlebitis  suppuration  may  rarely  ensue. 

In  septic  phlebitis  there  is  a  danger  that  portions  of  the  loose  clot  may  Complication 
be  detached  and  carried  into  the  circulation  where  they  become  arrested 
in  the  capillary  plexuses,  often  in  the  lungs,  giving  rise  to  pyaemic 
abscesses  the  advent  of  which  is  heralded  by  rigors.  In  extreme  cases 
pulmonary  embolism  may  result  in  the  rapid  death  of  a  patient  or, 
more  favourably,  produce  a  pulmonary  lesion  with  consolidation  from 
which  it  will  take  a  considerable  time  to  recover.  (See  also  Lung 
Diseases:  Post-Operative  Complications,  VoL  VIII,  p.  241.) 

Aseptic  phlebitis  calls  for  no  further  treatment  than  for  a  few  days’  Treatment 

^  ^  Of  ClS€Dtic 

rest  with  the  limb  elevated,  after  which,  as  with  injection  of  veins,  the  phlebitis 
patient  can  resume  Ms  normal  occupation,  care  being  taken  that  further 
trauma  is  not  incurred.  Should  oedema  persist  light  massage  is  often 
beneficial. 

Septic  phlebitis  caUs  for  more  cautious  treatment  as  clot  is  liable  to  Of  septic 
be  detached.  The  patient  should  be  confined  to  bed  with  the  limb 
elevated  and  if  necessary  slung  for  two  to  three  weeks,  i.e.  until  the 
temperature  has  been  settled  for  at  least  seven  days.  After  tMs  the 
patient  may  be  allowed  to  use  the  limb  cautiously,  if  necessary  with  a 
crepe  bandage  support,  but  massage  should  be  avoided  for  at  least 
six  weeks.  Any  primary  focus  of  infection  must  be  sought  and  treated 
adequately,  but  not  until  the  venoiis  thrombosis  has  subsided. 
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Thrombophlebitis  migrans 

This  is  an  interesting  and,, distressing  condition  of  obscure  aetiology, 
manifested  by  the  appearance  of  recurrent  thromboses  in  the  super¬ 
ficial  and  deep  veins  all  about  the  body;  they  are  thought  to  be 
connected  with  some  infective  focus  but  this  is  often  hard  to  fi^nd  and 
may  be  impossible  to  demonstrate;  but  such  sources  as  septic  tonsils, 
infected  nasal  sinuses,  chronically  inflamed  gall-bladder  or  appendix, 
and  pyorrhoea  alveolaris  should  be  eradicated  if  definitely  present, 
though  operation  in  these  cases  is  attended  with  a  very  definite  risk 
of  pulmonary  embolism  and  spread  of  thrombosis.  A  similar  condition 
occurs  in  cases  in  which,  immediately  after  ligation  of  the  saphenous 
vein,  injections  of  varicose  veins  are  carried  out;  not  uncommonly  this  is 
ultimately  fatal,  so  that  it  is  unwise  to  perform  these  two  operations 
at  one  sitting.  The  illness  may  last  many  months  and  is  tedious  and 
very  debilitating  but,  except  when  the  thrombosis  affects  deep  veins 
in  vital  situations,  is  seldom  fatal  though  persistent  oedema  of  the  limb, 
consequent  on  deep  thromboses,  may  persist  for  several  weeks  after 
the  patient  has  been  convalescent. 

Treatment  consists  in  rest  in  bed,  but  it  is  unwise  to  attempt  to  remove 
infective  foci  in  the  acute  stage  of  the  disease  because  of  the  risk  of 
embolism  mentioned  above,  and  as  a  general  rule  no  operation  to  this 
end  should  be  undertaken  for  at  least  two  months  from  the  onset  of 
the  disease. 

Local  treatment  is  that  for  thrombosis  and  phlebitis  and  consists 
essentially  in  the  application  of  cooling  lotions.  As  a  general  rule 
sulphanilamide  is  contra-indicated,  as  most  of  these  cases  appear  to 
be  staphylococcal  in  origin;  if  tried  it  must  be  used  very  cautiously  and 
abandoned  at  once  if  no  fall  in  temperature  and  general  improvement 
result  within  thirty-six  hours. 


7~TUMOURS 

Tumours  of  veins  are  rare.  Sarcoma  and  endothelioma  are  occasionally 
reported  as  beginning  in  the  lining  of  the  larger  vessels  but  are  seldom 
diagnosed  and  are  of  merely  pathological  interest.  Endothelioma  and 
perithelioma  occur  round  the  smaller  vessels  and  must  be  regarded 
merely  as  a  mildly  malignant  sarcomatous  neoplasm  which  is  seldom 
diagnosed  except  on  microscopy  after  removal. 

Haemangiomas  are  not  uncommon  and  vary  from  spider-like  capillary 
telangiectases  to  cavernous  haemangiomas  containing  large  spaces 
which  may  affect  the  entire  limb.  Not  infrequently  they  communicate 
with  the  arterioles,  and  if  this  communication  is  free  it  may  cause  a 
pulsating  cirsoid  aneurysm.  These  cavernous  haemangiomas  may  be 
associated  with  the  formation  of  a  considerable  amount  of  fibro-fatty 
tissue  in  and  around  the  distended  venous  spaces,  and  the  skin  over 
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them  is  sometimes  markedly  pigmented  (naevns).  The  tumours  are 
usually  bluish  and  easily  diagnosed. 

Treatment  of  capillary  haemangiomas  consists  of  the  application  of  Treatment  of 
solid  carbon  dioxide  or  of  radium  or  other  means  to  promote  coagula- 
tion.  That  of  cavernous  haemangiomas  consists  of  excision  if  possible.  Of  cavernous 
injection  of  boiling  water  into  the  vessels  to  procure  obliteration,  or  ^^^m^omas 
injection  of  one  of  the  sclerosing  fluids  already  enumerated  the  result 
of  which,  however,  is  often  disappointing  as  the  endothelial  lining  of 
these  tumours  is  normal.  (See  also  Vol.  I,  p.  578.) 
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l.-DEFINITION 

(Synonyms.  ^Barcoo  rot;  Natal  sore;  septic  sore;  desert  sore;  gifseer; 
brandseer;  dermatitis  veldis) 

1597.]  The  name  veldt  sore  has  been  given  to  an  extremely  chronic  shallow 
punched-out  nicer  occurring  in  the  arms  or  legs  of  Europeans  settling 
in  tropical  or  semitropical  countries.  Its  shallowness  distinguishes  it 
from  tropical  sore  which  invades  deeply,  and  it  differs  from  the  common 
skin  lesions  in  its  extreme  chronicity  and  resistance  to  treatment. 


2.-HISTORY 

It  has  long  been  observed  that  when  Europeans  settle  in  hot,  dry, 
tropical  or  semitropical  climates^  they  not  uncommonly  develop  on 
their  face,  arms,  or  legs  chronic  punched-out  ulcers  which  resist  all  forms 
of  treatment.  Various  names  have  not  surprisingly  crept  into  the 
Merature  dealing  with  these,  as  shown  by  the  list  of  synonyms  given 

The  term  veldt  sore  was  first  used  by  English  settlers  in  South  Africa 
many  years  before  the  Boer  War.  At  the  same  time  the  Boers  or  Afri¬ 
kander  farmers,  suffering  equally  from  these  strange  superficial  ulcers, 
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referred  to  them  as  gifseer  (poison-ulcer)  or  brandseer  (burning  ulcer). 
When  the  British  soldiers  campaigning  in  South  Africa  during  the  Boer 
War  developed  these  ulcers  in  noticeable  numbers,  descriptions  and 
discussions  of  this  unusual  lesion  began  to  appear  in  the  English  journals 
(Pridmore;  Austen;  Ogston;  Harland;  Guise-Moores;  Berne;  Harman; 
Purdy;  and  Dolbey). 

Harman  suggested  that  the  veldt  sore  of  South  .Africa  was  indistinguish¬ 
able  from  a  chronic  ulcer  found  amo.n,g  bushmen  of  the  Barcoo  .River, 
North  Queensland,  Australia.  His  suggestion  was  strongly  supported 
by  Australian  soldiers  who  claimed  that  the  sores  they  suffered  from 
wMle  resident  in  the  Barcoo  River  country  were  identical  with  the  veldt 
sores  they  developed  when  campaigning  in  the  African  veldt.  For  this 
reason  and  for  want  of  better  evidence,  Barcoo  rot  and  veldt  sore  are 
regarded  as  synonymous. 

Medical  men  in  the  field  under  war  conditions  in  1900  had  poor 
facilities  for  scientific  investigation.  A  praiseworthy  effort  by  Ogston  in 
1901  is,  however,  of  interest.  He  made  smears  from  the  floors  of  chronic 
ulcers  and  from  the  contents  of  vesicles  in  the  early  stage  on  some  clean 
fragments  of  glass,  preserved  them  carefully,  and  eventually  found 
the  smears  to  contain  a  ‘small  bacterium  growing  in  pairs’  which  he 
named  Micrococcus  campaneus.  Subsequent  research,  however,  failed 
to  corroborate  this  finding.  In  1902-3  Harman,  after  much  research, 
concluded  that  the  causal  organism  was  Staphylococcus  aureus,  a  view 
which  has  also  since  failed  to  receive  support. 

During  the  War  1914-18  attention  was  again  focused  on  veldt  sore. 
Troops  serving  in  Mesopotamia  developed  superficial  chronic  ulcers  in 
large  numbers,  and  again  the  Australians  recognized  the  similarity 
between  these  ulcers  and  Barcoo  rot.  Martin,  with  better  bacteriological 
facilities  and  knowledge  than  was  available  during  the  Boer  War,  now 
found  cocci  and  diphtheroid  bacilli  in  both  the  early  and  late  stages  of 
the  lesion  but  failed  to  realize  the  importance  of  the  diphtheria.  Walshe 
in  1918,  while  investigating  diphtheritic  paralysis,  noted  the  coincidence 
of  an  epidemic  of  ‘septic  sores’  and  an  epidemic  of  mild  faucial  diph¬ 
theria,  and  Craig  in  1919  investigated  veldt  sores  with  this  in  mind.  He 
succeeded  in  showing  the  similarity,  if  not  identity,  between  the  Klebs- 
Loeffler  bacillus  and  the  bacillus  found  in  scrapings  from  veldt  sores 
and  from  hair  follicles  in  their  neighbourhood  and  also  demonstrated 
the  healing  properties  of  antidiphtheritic  serum  when  applied  to  these 
ulcers. 

Since  the  publication  of  Craig’s  work,  active  interest  in  veldt  sore  seems 
to  have  waned  and  letters  from  practitioners  in  all  parts  of  South  Africa 
and  Rhodesia  are  unanimous  in  the  view  that  veldt  sore  is  not  nearly 
such  a  scourge  as  it  once  was  and  that  in  many  regions  it  has  dis¬ 
appeared.  Cases  still  occur,  particularly  in  dry  sandy  parts,  but  the 
incidence  of  the  disease  is  on  the  wane.  Many  cases  occur  in  the  ill- 
nourished  and  somewhat  unwashed  members  of  the  poorer  classes 
settled  in  subtropical  districts. 
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According  to  Manson-Bahr,  veldt  sore  is  found  in  all  tropical  or  sub¬ 
tropical  countries  where  desert  conditions  exist,  e.g.  Australia,  South 
Africa,  Mesopotamia,  Equatorial  Africa,  Egypt,  the  Sudan,  Gallipoli, 
and  Palestine.  Description  of  ulcers  not  unlike  veldt  sore  have  come 
from  medical  men  working  in  India  (Murison),  the  Federated  Malay 
States  (Orme),  and,  during  the  Great  War,  the  Sudan. 

The  cause  of  this  condition  remains  a  matter  for  debate.  That  the 
C.  diphtheriae  is  the  sole  cause  can  hardly  be  accepted  in  view  of 
the  peculiar  tropical  and  subtropical  distribution  of  the  disease.  The 
suggestion  that  some  other  factor,  such  as  a  dietetic  deficiency,  may  be 
necessary  cannot  be  lightly  set  aside  when  the  difficulties  of  supplying 
a  sufficiency  of  fruit  and  vegetables  in  hot  dry  climates  are  remembered. 
The  Indians  and  the  native  races  (Bantu)  resident  in  South  Africa  appear 
to  be  exempt  (Harman),  and  it  is  noteworthy  that  faucial  diphtheria  also 
is  rare  among  the  Bantu.  Dolbey  pointed  out  that  veldt  sore  appeared 
among  the  troops  only  after  they  had  been  resident  in  South  Africa  for 
three  months  or  more,  a  point  in  favour  of  the  need  for  a  food  deficiency 
to  develop  before  susceptibility  set  in.  Dolbey  also  pointed  out  that 
dark-haired  individuals  were  least  susceptible,  fair-haired  moderately 
so,  and  red-haired  most  of  all.  Mounted  units  usually  suffered  more 
than  the  infantry,  and  those  mounted  on  camels  showed  the  highest 
incidence.  According  to  Pridmore,  officers  suffered  conspicuously  less 
than  the  men,  a  further  point  in  favour  of  some  dietetic  factor  as  a 
cause.  Various  writers,  however,  are  not  agreed  upon  this  point,  nor  is 
there  consensus  of  opinion  upon  the  part  played  by  various  bacteria, 
insects,  and  animal  parasites.  Ticks,  lice,  mosquitoes,  and  house-flies 
have  all  been  blamed,  but  the  evidence  put  forward  is  meagre. 

Harman,  Dolbey,  and  Martin  agreed  upon  the  part  played  by  diet. 
When  diet  is  restricted,  the  sores  flourish;  when  large  quantities  of  lime- 
juice  and  a  good  all-round  diet  are  given,  they  rapidly  clear  up.  Harland, 
however,  found  veldt  sores  among  healthy  persons  living  under  most 
favourable  conditions.  Purdy  considered  that  sunlight  exerted  a  deleteri¬ 
ous  effect  upon  the  sores  and  advised  their  protection  from  this  agent. 
It  would  seem  therefore  that  veldt  sore  cannot  be  ascribed  to  any  single 
or  simple  cause.  There  are  probably  two  or  three  causal  factors  including 
C.  diphtheriae,  a  food  deficiency  factor,  and  some  inherent  constitu¬ 
tional  factor  that  goes  with  red  hair  and  not  with  black. 


Site 


4 -MORBID  ANATOMY 

The  ulcers  tend  to  occur  on  exposed  parts  covered  by  hair,  e.g.  the 
dorsum  of  the  hands,  the  forearms,  elbows,  knees,  face,  eyebrows, 
cheeks,  and  ears.  They  may  follow  shght  trauma  or  arise  spontaneously 
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in  the  neighbourhood  of  a  hair  follicle.  Most  intractable  are  those 
on  the  hands. 

In  the  earliest  stages  there  is  a  small  fresh  unopened  blister  within  the  Blister 
layers  of  the  epidermis.  When  this  attains  about  half  an  inch  in  diameter 
it  bursts,  giving  rise  to  a  chronic  ulcer  in  the  base  of  which  can  be  found  Ulcer 
the  deeper  layers  of  the  epidermis.  The  dermis  beneath  the  floor  of  the 
ulcer  is  invaded  by  leucocytes.  Organisms  are  present  in  the  intercellular 
spaces  of  the  epidermis  surrounding  the  ulcer.  The  shallow  ulcer  left 
after  the  blister  has  burst  may  spread  peripherally  and  the  final  diameter 
varies  from  less  than  half  an  inch  to  two  inches  or  more.  The  typical 
ulcer  has  a  punched-out  appearance  with  indurated  edges;  the  base  may  Base 
be  covered  with  a  grey  scaly  debris  or  give  rise  to  a  muco-purulent 
exudate  of  varying  amount.  This  variation  in  the  dryness  of  the  base  has 
given  rise  to  the  suggestion  that  there  may  be  two  types  of  sore,  the  one  Types  of  sore 
found  on  the  Lowveldt  (Natal)  differing  from  that  of  the  Highveldt 
(Transvaal).  Indeed,  the  sore  found  in  Natal  is  sometimes  accompanied 
by  a  frank  discharge  of  pus  and  may  result  in  abscess  formation.  The 
typical  sore  has  a  dryish  base  which  suggests  a  pearly-grey  membrane 
and  is  exquisitely  sensitive.  The  edges  become  indurated  with  the 
appearance  of  cyanosis  and  give  the  sore  a  punched-out  appearance. 
Occasionally  ulcers  may  have  ragged  and  irregular  edges.  The  ulcer 
may  persist  for  months  or  even  years.  Healing  gives  rise  to  thin  paper-  Scars 
like  scars  which  persist  for  many  years  and  tend  to  be  naked  of  hairs  or 
sweat-glands.  The  ulcers,  are  usually  single  but  may  be  multiple. 


5.-CLINICAL  PICTURE  AND  COMPLICAHONS 

The  blister  is  usually  accompanied  by  a  sensation  of  pricking,  burning 
or  itching.  Hence  the  Boer  term  ‘brandseer’  (burning  sore).  In  most 
cases  the  sore  is  accompanied  by  very  little  constitutional  change  or 
other  evidence  of  impaired  health.  The  regional  lymph  glands  may  show  Lymph  glands 
reaction  and  enlargement,  especially  when  there  is  wide-spread  second¬ 
ary  streptococcal  or  staphylococcal  infection;  but  even  in  uncomplicated 
cases  fever,  malaise,  and  headache  may  occur. 

Walshe  pointed  out  that  these  sores  may  be  followed  or  accompanied  Paralysis 
by  all  the  various  forms  of  paralysis  associated  with  faucial  diphtheria, 
from  local  paralysis,  i.e.  of  the  muscles  of  the  involved  limb,  to  paralysis 
of  the  muscles  of  accommodation  and  of  the  soft  palate,  or,  in  extreme 
cases,  generalized  peripheral  neuritis  with  loss  of  all  reflexes  and  anaes¬ 
thesia.  Indeed,  in  advanced  cases  the  picture  closely  resembles  that  of 
beri-beri  or  locomotor  ataxy.  In  one  series  of  30  patients  27  per  cent 
showed  local  paralysis,  33  per  cent  showed  paralysis  of  accommodation, 
and  all  showed  polyneuritis  in  varying  degrees.  In  6  of  these  cases  the 
sores  were  single  and  in  24  multiple.  In  most  of  them  the  nervous  lesions 
developed  after  the  sore  had  healed. 

In  Mesopotamia  during  the  Great  War,  according  to  some  observers, 
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perinepiiric  abscess  was  a  commoa  and  serious  complication.  Presum¬ 
ably  the  not-infrequent  infection  by  staphylococci  had  a  bearing  upon 
this  development,  and  it  must  not  be  forgotten  that  several  of  the  earlier 
writers  regarded  the  staphylococcus  as  mainly  responsible  for  the  sore. 

6.-DIFFERENTIAL  DIAGNOSIS 

Another  chronic  ulcer  occurring  mainly  on  the  legs  and  arms  in  tropical 
and  subtropical  countries,  namely,  tropical  ulcer,  must  not  be  confused 
with  veldt  sore.  Tropical  ulcer  occurs  in  the  non-European  races, 
particularly  of  Africa  and  Assam,  and  seldom  attacks  the  white  races; 
the  depth  and  obvious  sloughing  nature  of  the  lesion  renders  differentia- 
tion  from  veldt  sore  easy. 

Some  writers  state  that  there  is  a  diSereace  betweea  Barcoo  rot  and 
veldt  sore  in  that  the  former  aotiincomnionly  develops  a  firmly  adherent 
thick  hard  crust.  It  seems  probable,  however,  that  the  name  Barcoo  rot 
has  been  applied  somewhat  loosely  to  many  forms  of  chronic  superficial 
cutaneous  ulceration,  and  little  purpose  is  served  by  distinguishing 
between  the  two  conditions. 

7-TREATMENT 

In  districts  where  veldt  sore  is  endemic,  it  is  a  useful  precaution  to  pro¬ 
tect  the  legs  and  arms  against  avoidable  abrasions.  Short  trousers  on 
mounted  men  should  be  forbidden  and  care  should  be  taken  to  avoid 
contact  with  dried  or  moist  horse  manure  which  is  known  to  harbour 
the  diphtheria  bacillus.  All  superficial  injuries  should  be  treated  immedi¬ 
ately  with  antiseptic  lotions  and  kept  clean. 

Local  application  of  antiseptics  has  long  proved  disappointing. 
Injection  of  diphtheria  antitoxin,  4,000  units,  subcutaneously  in  the 
neighbourhood  of  the  sores,  aided  by  the  application  of  lint  soaked  in 
serum  direct  to  the  ulcer,  seems  to  he  much  the  best  treatment  and  yields 
the  most  dramatic  results  in  chronic  cases.  Especial  care  should  be  paid 
to  diet  and  all  vitamins  must  be  included  on  a  liberal  scale. 
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Reference  may  also  be  made  to  the  following  titles: 

CRANIAL  NERVE  DEAFNESS 

AFFECTIONS  EAR  DISEASES 


1  “DEFINITION 

{Synonym, — Giddiness) 

1598.]  Vertigo  or  giddiness  is  a  ‘disordered  condition  in  which  the 
person  aiFected  has  a  sense  of  whirling,  either  of  external  objects  or  of 
Mihself,  and  tends  to  lose  equilibrium’  (Oxford  English  Dictionary). 


2“AETIOLOGY 


The  balancing  Vertigo  is  caused  by  disturbance  of  the  balancing  mechanism  which 
mechanism  comprises  (i)  the  vestibular  part  of  the  labyrinth,  i.e.  the  three  semi¬ 
circular  canals,  the  otoliths  in  the  saccule  and  utricle,  with  the  vestibular 
part  of  the  eighth  nerve  and  the  associated  tracts  in  the  mid-brain,  cere¬ 
bellum,  and  cerebrum;  (ii)  the  eyes  and  optic  tracts;  and  (iii)  the  sensory 
nerves  of  the  muscles,  joints,  and  tendons,  especially  those  of  the  neck. 
Several  types  of  vertigo  are  recognized,  (i)  Vertigo  due  to  abnormalities 
of  the  labyrinth  or  its  tracts  is  the  commonest  of  all. 

(ii)  Vertigo  may  be  due  to  abnormalities  of  other  end-organs,  e.g. 
visual  giddiness  and  giddiness  caused  by  fibrositis  or  other  lesions  of 
the  neck  muscles  which  affect  the  neck  reflexes  of  equilibrium.  Visual 
giddiness  can  often  he  produced  in  a  normal  person  by  watching  a 
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waterfall  or  by  disturbing  the  field  of  vision  by  placing  a  prism  leas 

^(Ui)  \Sso  mav  be  due  to  interference  with  nerve  tracts  oAer  ^ 
vSibularre.g.  in  tabes  dorsalis,  Friedreich's  ataxy,  and  dissemmated 

(iv)  Verti<^o  due  to  intracranial  conditions  is  often  essentially  laby- 
rinthine;  for  example,  rise  of  intracranial  pressure 
excretion  of  the  labyrinth  fluids  and  cause  a  choked  laby  rinth  in  exactl 
the  same  way  as  it  does  a  choked  optic  disk.  A  tumour  or  cyst  of 
the  cerebello-pontine  angle  compresses  the  eighth  nene.  Lesionb 
nJd-blain  may  affect  the  supranuclear  tracts.  Cerebeflar  lesions  cause 
giddiness  independently  of  the  labyrinth.  Injuries  to  the  ^ 

foUowed  bv  giddiness,  sometimes  due  to  direct  injury  to  the  labyrinth 
sometimes,'  apparently,  to  alterations  of  pressure  within  the  cranial 

cavitv  as  for  example,  after  a  large  decompression. 

fv)  Toxic  vertigo  is  produced  by  drugs,  such  as  tobacco,  alcoho  ,  and  Toxins 
quinine,  and  probably  by  some  general  infections.  Alcohol  acts  centrally, 
quinine’  probably  on  the  nerve-endings.  Suppuration  in  the  paranasal 
sinuses  causes  giddiness,  which  may  be  due  to  postnasai  citation 
and  subsequent  obstruction  of  the  Eustachian  tubes  as  well  as  to  toxic 

^(vbTow  and  high  blood-pressures  are  often  associated  with  vertigo, 
but  the  immediate  cause  is  probably  labyrinthine  anaemia  or  congestion 

'  (tff)  virL  is  common  in  epilepsy,  especially  in  petit  mat.  'Laryngeal  LMtlce. 
vertiao’  is  probably  due  to  temporary  asphyxia.  Vertigo  is  freqi^nt 
in  epidemic  encephalitis,  the  lesion  being  usually  in  the  nuclei.  T  e 
‘eoidemic  vertigo’  of  Gerlier  was  probably  due  to  encephalitis.  Yer  igo 
occurs  in  congenital  and  acquired  syphilis  but  is  not  common;  m  con¬ 
genital  syphilis  there  is  degeneration  of  the  nerve-endings  and,  later,  o 
the  gangha;  in  acquired  syphilis  the  lesion  is  either  a  neuro-memn^tis 
in  the  late  secondary  stage  or,  rarely,  a  gumma.  Epidemic  cerebrospinal 
meningitis  may  cause  vertigo  by  invasion  of  the  labyrinth  from  within 
the  cranial  cavity  through  the  internal  auditory  meatus;  if  this  happens, 
the  labyrinth  is  usually  completely  destroyed,  and  giddiness  soon  ceases,  •  . 

as  the  intact  labyrinth  of  the  opposite  side  assumes  contro  .  ^ 

(viii)  It  is  very  doubtful  if  there  is  a  true  ‘neurasthenic  vertigo  ,  i.e.  a 
oiddiness  without  any  organic  basis.  It  is  not  surprising  that  sufferers 
from  vertigo  often  become  neurasthenic,  a  severe  attack  of  giddiness 
being  a  terrifying  experience,  and  the  ever  present  fear  of  such  an  attack 
in  traffic  or  at  work  shattering  the  patient’s  confidence.  The  neuras¬ 
thenia  is  primarily  a  result,  not  a  cause;  once  established,  however,  it 
becomes  an  important  contributory  factor.  Similarly,  there  is  no  gastric 
verti<^o’;  the  ‘bilious  attacks’  which  often  accompany  giddiness  are 
the  effect  not  the  cause,  of  labyrinthine  irritation.  But  victims  of  sea¬ 
sickness  are  well  aware  of  the  disastrous  results  of  dietary  indiscretion 
or  constipation  before  sailing,  and  the  explanation  may  be  that 
E,M.  VOL.  xn  _ 
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accumiilation  of  intestinal  toxins  makes  the  labyrinth  more  sensitive. 
(See  also  Travel-Sickness,  p.  224.) 

This  last  consideration  raises  an  important  point.  Two  factors,  neither 
alone  strong  enough  to  cause  giddiness,  may  do  so  when  working 
together.  It  is  known,  for  instance,  that  irritation  of  the  trigeminal  nerve 
can  increase  the  irritability  of  the  vestibular  nerve  and  so  lower  the 
threshold  of  stimulation;  thus  giddiness  and  tinnitus  can  be  produced 
by  an  impacted  wisdom  tooth.  Sometimes  vertigo,  due  apparently  to  a 
trivial  Eustachian  obstruction,  does  not  cease  until  an  error  of  refraction 
or  a  fibrositis  of  the  neck  has  been  treated. 


3.-LABYRINTHINE  OR  AURAL  VERTIGO 

(1) — Physiology  and  Anatomy 

Labyrinthine  disturbance  is  by  far  the  commonest  cause  of  vertigo  and 
all  forms  of  giddiness  of  this  nature  are  here  described  as  aural  vertigo. 
This  is  not  merely  a  matter  of  convenience,  for  the  essential  mechanism 
of  all  kinds  of  vertigo  due  to  labyrinthine  disturbance  is  the  same — 
inequality  of  activity  between  the  labyrinths  of  the  two  sides.  Normally 
the  labyrinth  is  in  a  state  of  tonic  stimulation  and  sends  a  continuous 
Stream  of  impulses  to  the  higher  centres.  So  long  as  the  activity  of  the 
two  sides  is  equal,  vertigo  does  not  occur,  however  much  the  activity 
is  increased  or  diminished;  but  as  soon  as  there  is  any  sudden  inequality 
of  activity  between  the  two  sides  vertigo  is  experienced.  For  example,  if 
one  ear  is  syringed  with  water  a  few  degrees  below  normal  body-tempera¬ 
ture  intense  giddiness  is  caused;  but  not  if  both  ears  are  syringed  simul¬ 
taneously,  although  the  labyrinthine  irritation  may  be  great  enough  to 
produce  strong  reflexmovements.  Thepowerof  compensation  in  the  laby¬ 
rinth  mechanism  is  very  great.  If  one  labyrinth  is  completely  destroyed 
the  surviving  labyrinth  assumes  control,  and  in  a  few  weeks  giddiness 
ceases.  Compensationforsuddenfluctuations  of  activityis  far  less  perfect. 
In  order  fully  to  understand  the  causes  of  labyrinthine  vertigo  it  is 
necessary  to  review  very  briefly  a  few  points  in  the  structure  of  the 
labyrinth  (see  Fig.  48).  The  bony  labyrinth  lies  in  the  petrous  bone 
and  consists  of  the  semicircular  canals,  the  vestibule,  and  the  cochlea. 
It  is  filled  with  fluid,  the  perilymph,  in  which  floats  the  membranous 
labyrinth,  filled  with  endoiymph  and  containing  the  sensory  receptors, 
the  organ  of  Corti  in  the  cochlea,  the  cristae  in  the  ampullae  of  the  three 
semicircular  canals,  and  the  maculae  of  the  saccule  and  utricle.  These 
end-organs  consist  of  hair-cells  attached  to  an  overlying  membrane  (the 
cupulae  of  the  cristae  and  the  otolith  membrane  of  the  maculae). 

The  most  plausible  explanation  of  the  labyrinthine  mechanism  is  that 
the  stimulus  for  the  cristae  is  a  movement  of  endoiymph  which  shifts 
the  cupulae  and  so  pulls  on  the  hair-cells;  the  stimulus  for  the  maculae 
is  a  displacement  of  the  otolith  membranes  by  gravity  and  again  a  pull 
on  the  hair-cells.  For  the  labyrinths  of  the  two  sides  to  be  in  a  state  of 
equal  activity  the  endoiymph  pressure  must  be  the  same  in  each.  Any 
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difference  of  pressure  between  the  two  labyrinths  will  cause  a  difference 
in  activity,  and  vertigo  will  occur. 

(2) — Factors  Inflaenciag  Intra-LabwintMne  Pressure 
The  intra-labyrinthine  pressure  can  be  altered  by  factors  either  outside 
or  inside  the  labyrinth, 

(i)  Factors  outside  the  labyrintii.  The  outer  bony  wall  of  the  labyrinth 
is  the  inner  wall  of  the  middle  ear,  which  is  perforated  by  the  fenestra 


Fig.  ^48. — Diagram  show'ing  relations  of  perilymph  and  endolymph  systems  to  the 
middle  ear  and  cranial  cavity  (endolymph  system  cross-hatched).  E.A.M.,  external 
auditory  meatus;  interna!  auditory  meatus;  M.T.,  membrana  tympani; 

E.T.,  Eustachian  tube;  F.O.,  fenestra  ovalis  with  stapes;  F.R.,  fenestra  rotunda; 
A.C.,  aqueduct  of  cochlea;  M,  membranous  labyrinth  communicating  by  the 
ductus  endolymphaticus  with  S,  the  saccus  endolymphaticus;  and  A.V.,  aqueduct 
of  the  vestibule 

rotunda  (fenestra  cochleae)  and  the  fenestra  ovalis  (fenestra  vestibuii),  in 
which  the  stapes  lies.  Interference  with  either  fenestra  may  affect  the 
pressure  within  the  labyrinth.  Another  extra-labyrinthine  factor  may  be 
obstruction  to  the  exit  of  the  labyrinthine  fluids.  The  perilymph  com¬ 
municates  freely  with  the  cerebrospinal  fluid  through  the  aqueduct  of 
the  perilymph  (aqueduct  of  the  cochlea),  which  opens  into  the  posterior 
fossa  at  the  edge  of  the  jugular  foramen,  and  along  the  pia-arachnoid 
sheath  of  the  eighth  nerve.  Thus  increased  pressure  in  the  posterior 
fossa  raises  the  pressure  of  the  perilymph.  The  endolymph  escapes  from 
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the  membranous  labyrinth  through  the  wall  of  the  saccus  endolymph- 
aticus,  which  lies  outside  the  bony  labyrinth  between  the  two  coats  of 
the  dura  of  the  cerebellum  and  communicates  with  the  main  system  of 
the  membranous  labyrinth  through  the  ductus  endolymphaticus. 

(ii)  Factors  within  the  labyrinth.  These  include  alterations  in  the  volume 
of  the  blood  or  of  the  labyrinthine  fluids. 

It  is  convenient  to  recognize  two  main  clinical  groups  of  cases  of  aural 
vertigo;  those  due  to  suppuration  in  the  middle  ear,  and  those  without 
suppuration.  The  distinction  between  these  groups  is  vital;  in  aural 
suppuration  vertigo  is  a  symptom  of  a  condition  which  may  at  any  time 
become  dangerous  to  life,  whereas  aural  giddiness,  however  distressing, 
without  suppuration  is  never  dangerous. 

(3) — ^Aural  Vertigo  with  Middle-Ear  Suppuration 

This  must  always  be  regarded  with  the  gravest  suspicion,  as  it  may 
indicate  the  presence  of  a  cerebellar  abscess  or  the  onset  of  labyrinthitis 
(see  Ear  Diseases,  Vol.  IV,  p.  421).  Three  principal  forms  of  labyrinth¬ 
itis  are  recognized. 

(i)  In  labyrinthitis  circumscripta  or  labyrinthine  fistula  there  is  an 
erosion  of  the  wall  of  the  bony  labyrinth,  usually  over  the  bulge  of  the 
external  semicircular  canal  near  the  aditus  of  the  mastoid  antrum.  This 
erosion,  by  exposing  the  endosteum  of  the  canal,  makes  it  possible  for 
pressure  from  without  to  be  transmitted  directly  to  the  perilymph  and 
so  to  the  endolymph.  Thus  pressure  of  a  finger  on  the  tragus  raises  the 
pressure  in  the  external  auditory  meatus  and  middle  ear  and  afiects  the 
endolymph  with  the  result  that  violent  nystagmus  and  vertigo  occur. 
This  is  the  so-called  fistula  sign.  Strictly  speaking,  there  is  no  true 
fistula,  as  the  lumen  of  the  bony  canal  is  still  separated  from  the  middle- 
ear  cavities  by  the  endosteum. 

(ii)  Serous  labyrinthitis  is  an  inflammation  of  the  labyrinth  associated 
with  middle-ear  suppuration  but  without  direct  invasion.  It  may  fairly 
be  compared  to  the  ‘sympathetic’  effusion  into  a  joint  which  often 
follows  periarticular  inflammation.  The  giddiness  is  first  due  to  irritation 
of  the  affected  labyrinth  by  the  increase  of  pressure  due  to  effusion,  and 
perhaps  to  spread  of  toxins  from  the  suppuration  without,  and  in  the 
later  stages,  when  the  affected  labyrinth  is  depressed  by  the  advance  of 
the  condition,  to  overaction  of  the  unaffected  labyrinth  of  the  other  side. 

(iii)  Suppurative  labyrinthitis  is  due  to  direct  spread  of  suppuration 
into  the  labyrinth  and  is  characterized  by  the  prostrating  violence  of  the 
vertigo.  The  stage  of  irritation  lasts  only  a  few  hours,  often  less,  before 
the  nerve-endings  are  completely  destroyed,  and  then  giddiness  is  due 
to  the  unbalanced  action  of  the  labyrinth  on  the  unaffected  side  and 
continues  until  compensation  is  complete. 

Vertigo  may  be  caused  by  the  pressure  of  effusion  in  the  middle  ear  on 
the  fenestrae  or  by  granulations  in  these  regions.  In  many  such  cases 
there  is  erosion  of  the  labyrinth  wall,  and  a  transient  vascular  congestion 
may  be  the  determining  factor. 
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In  all  cases  in  which  vertigo  accompanies  suppuration  the  treatment  is 
that  of  the  suppurative  condition. 

(4) — Aural  Vertigo  without  Suppuratioa 
In  a  description  of  aural  vertigo  without  suppuration  Meniere’s  Meniere's 
syndrome  must  be  considered.  Recently^  an  attempt  has  been  made  to 
distinguish  between  the  syndrome  and  the  disease.  Dandy  suggested 
that  the  term  Meniere’s  disease  should  be  used  for  intractable  cases  of 
vertigo  which  he  regards  as  due  to  an  affection  of  the  vestibular  nerve, 
but  there  seems  to  be  no  pathological  justification  for  this  distinction. 

The  condition  is  best  defined  as  a  sudden  alteration  in  the  activity  of 
the  eighth  nerve  in  its  auditory  and  vestibular  portions  (de  lOeyn). 

Thus  the  condition  is  characterized  by  sudden  giddiness  associated  with 
changes  in  hearing,  usually  tinnitus  and  deafness,  in  recurrent  attacks. 

Meniere  believed  that  this  was  due  to  a  haemorrhage  into  the  labyrinth 

and  based  his  opinion  on  the  post-mortem  appearances  found  in  the  one 

fatal  case  in  his  series.  This  was  long  before  the  days  of  pathological 

histology,  and  the  diagnosis  is  made  more  obscure  by  the  fact  that  he 

published  two  different  accounts  of  his  findings.  One  thing,  however, 

is  certain;  labyrinthine  haemorrhage  cannot  cause  repeated  attacks  of  Labyrinthine 

vertigo.  In  the  rare  cases  of  leukaemia  with  labyrinthine  haemorrhage 

the  labyrinth  is  destroyed.  There  is  one  violent  attack  which  gradually 

passes  off,  and  then  the  labyrinth  of  the  opposite  side  takes  control  and 

vertigo  ceases.  It  may  be  some  weeks  before  compensation  is  complete, 

but  once  this  has  happened  there  are  not  any  more  attacks. 

The  term  ‘Meniere’s  syndrome’  covers  such  a  multiplicity  of  causal 
conditions  that  it  should  be  abandoned  in  spite  of  its  historical  associa¬ 
tions.  The  symptom-group  can  be  produced  by  any  factor  which  can 
cause  a  sudden  change  of  pressure  in  the  labyrinth  or  by  toxic  agents. 

The  simplest  cause  of  aural  vertigo  is  cerumen.  A  plug  of  cerumen  in  Cerumen 
the  external  meatus  is  suddenly  pushed  in  against  the  drum,  perhaps  by 
the  pressure  of  a  finger  on  the  tragus  when  the  patient  is  shaving.  The 
drum  carries  the  ossicles  in  with  it  and  the  stapes  is  pushed  into  the  oval 
fenestra.  This  raises  the  pressure  in  the  labyrinth  on  the  affected  side 
and, causes  immediate  giddiness.  In  much  the  same  way  obstruction  of 
the  Eustachian  tubes  can  cause  vertigo,  the  mechanism  being  as  follows.  Eustachian 
When  the  tube  is  blocked,  the  air  in  the  middle  ear  is  absorbed,  and  the  '^l>^truction 
drum  is  forced  in  by  the  atmospheric  pressure  in  the  meatus,  carrying 
the  ossicles  with  it.  This  usually  happens  slowly,  and  there  is  plenty  of 
time  for  compensation  between  the  labyrinths  of  the  two  sides,  but  they 
are  in  a  state  of  compensated  imbalance.  If  there  is  now  any  sudden 
change  of  pressure,  however  slight,  in  either  Eustachian  tube,  such  as 
the  shifting  of  a  bubble  of  mucus,  giddiness  follows  immediately.  This  is 
probably  the  commonest  cause  of  aural  vertigo. 

Circulatory  conditions  cause  vertigo  by  alteration  of  the  blood-supply  Bhod- 
to  the  labyrinth  or  perhaps  to  the  supra-labyrinthine  tracts.  The 
commonest  circulatory  cause  is  inadequate  blood-pressure.  Many 
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patients  with  high  blood-pressure  suffer  from  vertigo,  which  is  too  often 
regarded  as  a  direct  result  of  the  high  tension.  Disastrously  successful 
efforts  are  made  to  reduce  the  tension,  and  the  patient  is  giddier  than 
ever.  Careful  inquiry  then  shows  that  the  attacks  come  on  when  the 
diastolic  pressure  is  lowered  to  a  point  inadequate  for  the  patient’s  needs. 

A  peculiar  kind  of  circulatory  vertigo  has  been  described  by  Lermoyez 
as  The  giddiness  which  makes  one  hear’.  This  condition  is  probably 
caused  by  a  spasm  of  the  labyrinthine  arterioles,  with  anaemia  and 
deafness.  When  the  spasm  passes,  the  vessels  dilate,  and  the  patient  hears 
again,  but  the  sudden  dilatation  causes  a  rush  of  blood  to  the  labyrinth, 
with  disturbance  of  intra-labyrinthine  pressure  and  vertigo.  The  fact 
that  this  kind  of  vertigo  has  been  noted  in  patients  with  Raynaud’s 
disease  supports  this  explanation. 

(5) — Diagnosis  and  Treatment 

Disease  of  the  central  nervous  system,  errors  of  refraction,  syphilis, 
over-indulgence  in  alcohol  or  tobacco,  and  suppuration  of  the  middle 
ear  should  be  excluded.  The  history  is  seldom  of  much  help,  but  it  must 
be  decided  whether  there  is  genuine  vertigo,  as  patients  sometimes  speak 
of  giddiness  or  dizziness  when  they  mean  a  transitory  feeling  of  faint¬ 
ness,  tinnitus,  or  even  the  scintillating  scotoma  of  a  migraine.  Vertigo 
coming  on  after  a  hot  bath,  after  violent  purgation,  or  on  jumping  out 
of  bed,  is  probably  due,  partially  at  any  rate,  to  circulatory  conditions. 
Vertigo  preceded  by  ‘stuffiness’  in  one  ear  is  nearly  always  due  to 
Eustachian  obstruction.  Vertigo  accompanied  by  a  sensation  of  Tailing 
forward  into  a  pit’  is  said  to  be  associated  with  suppuration  in  the 
paranasal  sinuses.  The  direction  of  apparent  movement  is  usually 
uncertain,  but  the  direction  of  falling,  if  it  can  be  ascertained,  is  im¬ 
portant.  In  true  labyrinthine  vertigo  the  fall  is  always  away  from  the 
more  active  labyrinth.  Thus  when  a  labyrinth  is  irritated  the  fall  is 
towards  the  normal  side;  when  a  labyrinth  is  depressed  or  destroyed  the 
fall  is  away  from  the  normal  side.  Examination  of  hearing  may  show 
little  change  unless  the  patient  is  seen  during  an  attack,  but  the  audio¬ 
meter  and  tuning-forks  will  always  show  some  abnormality,  although 
possibly  very  small.  In  the  later  stages  of  the  disease  there  is  steady 
deterioration  of  hearing  on  the  affected  side,  gradually  advancing  to 
complete  deafness.  Examination  of  the  labyrinth  during  quiet  periods 
rarely  shows  any  abnormality  which  can  be  detected  by  present  methods 
until  the  condition  is  far  advanced.  During  an  attack  there  are  usually 
nystagmus  and  a  ‘pointing  error’,  but  the  patient’s  distress  precludes  full 
examination. 

It  is  absolutely-  essential  to  be  sure  that  both  Eustachian  tubes  are 
patent,  for  there  may  be  obstruction  on  the  side  with  the  better  hearing. 
It  is  not  enough  for  the  patient  to  say  that  he  ‘feels  the  ears  click’  when 
be  tries  to  inflate  the  middle  ears  by  Valsalva’s  method;  we  must  see  the 
drums  move,  and  if  there  is  any  doubt  at  all  an  Eustachian  catheter 
must  be  passed.  Whether  there  is  tubal  obstruction  or  not,  the  nose  and 
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nasopharynx  must  be  carefully  examined  for  sinus  suppuration,  and  the  Nose  nni/ 

teeth  and  tonsils  for  local  sepsis. 

Vertigo  is  not  uncommoii  in  otosclerosis,  but  it  is  transient  and  seldom  Otosclerosis 
severe  enough  to  give  much  trouble.  It  is  probably  due  to  sudden 
circulatory  changes  in  the  newly-formed  bone. 

When  all  these  possibilities  have  been  excluded,  there  is  left  a  group  of 
cases  which  have  been  ascribed  to  an  increase  in  the  volume  of  laby¬ 
rinthine  fluid,  a  ‘glaucoma’  of  the  labyrinth.  This  could  be  caused  by 
obstruction  to  the  escape  of  endolymph  from  the  saccus  (Portmann); 
angio-neurotic  oedema  (Quincke);  some  allergic  condition  (DoMman);  Oedema 
or  intracellular  labyrinth  oedema  (Mygind  and  Dedering).  According 
to  Mygind  and  Dedering  this  oedema  is  caused  by  a  generalized  water- 
retention;  Eustachian  obstruction  in  these  cases  is  not  a  causal  factor 
but  is  a  result  of  the  general  condition,  and  the  gradual  deterioration  of 
the  labyrinth  is  due  to  continued  excessive  pressure  of  fluid  on  the  nerve- 
endings. 

Recently  a  most  important  advance  has  been  made  in  our  knowledge  Septic  foci 
of  this  condition.  Hallpike  and  Cairns  have  described  their  findings  in 
tw^o  patients  who  died  after  an  operation  for  the  relief  of  Meniere’s 
syndrome.  In  both  cases  there  was  a  general  dilatation  of  the  whole 
endolymph  system  on  the  affected  side.  This  might  be  due  to  many 
possible  causes,  such  as  those  mentioned  above;  there  is  another  pos¬ 
sibility,  suggested  by  Wright,  that  in  this  group  of  cases  we  are  dealing 
with  a  focal  labyrinthitis,  caused  by  sepsis  elsewhere  in  the  body.  In 
support  of  his  view  he  has  produced  an  extensive  series  of  cases  in  which 
Meniere’s  syndrome  wus  cured  by  the  elimination  of  septic  foci. 

Mygind  and  Dedering’s  treatment  is  to  diminisli  fluid  intake  to  the 
physiological  minimum  aided  by  a  salt-free  diet,  with  massage  and  light 
treatment  to  increase  elimination.  Furstenberg,  Lashmet,  and  Lathrop, 
following  the  lines  laid  down  by  Mygind,  found  that  additional  sodium  Diet 
chloride  in  the  diet  increased  fluid  retention;  in  fact,  anincrease  of  sodium 
salts  could  bring  on  an  attack  of  giddiness  even  when  fluid  was  restricted. 

They  found  also  that  if  ammonium  chloride  was  given  in  increasing  doses 
fluid  intake  could  be  increased  with  safety.  They  advise  the  following 
diet:  (i)  proteins  unrestricted  or  forced;  (ii)  calorie  content  as  needed  for 
the  patient;  (iii)  45  grains  of  ammonium  chloride  with  each  meal,  three 
days  on  and  two  days  off;  (iv)  water  intake  unrestricted,  but  excess 
should  be  avoided;  (v)  low  salt  content— salted  meat  and  fish,  salt  butter, 
oysters,  and  cheese  to  be  avoided. 

When  these  measures  fail  or  are  inapplicable  one  of  three  things  can  Operation 
be  done:  (i)  an  attempt  can  be  made  to  relieve  pressure  in  the  labyrinth 
by  establishing  a  fistula  on  the  external  canal  (Peters)  or  by  draining 
the  saccus  endolymphaticus  (Portmann),  operations  which  have  been 
successful  in  some  cases  but  are  only  suitable  for  the  small  group  of 
cases  in  which  there  is  good  hearing  with  intractable  giddiness;  (ii)  the 
labyrinth  can  be  destroyed  either  by  exposing  and  opening  the  vestibule 
or,  more  simply,  by  exposing  the  external  semicircular  canal,  opening 


552 


VERTIGO 


Drugs 


[VOL.  XII 


it,  and  injecting  alcohol;  the  cases,  fortunately  uncommon,  in  which 
intractable  giddiness  follows  an  otherwise  successful  radical  mastoid 
operation  with  a  healed  and  healthy  cavity  are  best  treated  in  this  way; 
(iii)  the  eighth  nerve  can  be  divided,  as  advised  by  Dandy,  who  found  it 
possible  to  divide  the  vestibular  branch  without  injuring  the  auditory 
branch.  This  operation,  which  necessitates  a  large  decompression,  is 
much  more  severe  than  alcohol  injection  and  has  not  yet  been  proved 
to  be  more  efficacious. 

Finally,  in  the  treatment  of  vertigo  it  must  always  be  borne  in  mind 
that  there  may  be  a  double  causation,  a  factor  which  predisposes  by 
lowering  the  threshold  of  stimulation  and  a  factor  which  brings  on 
the  attack.  It  is  most  important  to  reassure  the  patient.  He  can  be  told 
with  absolute  confidence  that  he  is  suffering  from  a  Teal’  physical 
condition,  not  from  ‘nerves’,  and  that  his  condition  is  ultimately  curable. 
Buibocapnine  and,  to  a  lesser  degree,  chlorbutol  appear  to  have  some 
specific  action  on  the  labyrinth,  and  some  patients  are  relieved  by 
minute  doses  of  phenobarbitone,  but  hypnotics  and  sedatives  must  be 
used  with  the  greatest  caution;  as  a  rule  tonics  are  more  needed.  It  is 
only  in  the  rare  cases  in  which  all  other  methods  fail  that  surgical 
intervention  need  be  considered. 
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5.  TUBERCULOSIS  OF  THE  SEMINAL  VESICLES  -  557 

Reference  may  also  be  made  to  the  following  titles: 

EPIDIDYMITIS  GONORRHOEA 


l.-DEFINITION  AND  AETIOLOGY 

1599.]  Vesiculitis  (sometimes  called  spermato-cystitis),  or  inflammation 
of  the  seminal  vesicles,  may  be  either  acute  or  chronic  and  is  almost 
invariably  secondary  to  an  infection  of  the  urethra.  It  is  a  common 
complication  of  gonorrhoea,  but  the  infection  may  be  due  to  other 
bacteria,  such  as  Bact.  coli,  staphylococcus,  or  streptococcus. 


2.-MORBID  ANATOMY 

The  wall  of  the  vesicle  is  greatly  thickened,  and  its  mucous  membrane 
swollen  and  congested.  Since  vesiculitis  is  often  complicated  by  occlu¬ 
sion  of  the  ejaculatory  ducts,  the  secretion  is  retained  and  is  mixed  with 
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epithelial  debris,  spermatozoa,  and  pas  cells.  Usually  the  amount  of 
pus  retained  in  a  vesicle  is  moderate,  and  an  empyema  of  that  organ  is 
uncommon.  When  the  infection  becomes  chronic,  fibrous  thickening 
of  the  wall  takes  place,  and  perivesiculitis  is  commonly  present. 


3.-ACUTE  VESICULITIS 

(1)  — Clinical  Picture 

Symptoms  of  acute  vesiculitis  are  usually  obscured  by  those  of  the 
acute  infection  of  the  prostate  and  prostatic  urethra,  of  which  the 
vesiculitis  is  a  sequel.  An  attack  of  acute  epididymitis  is  a  common 
complication,  due  to  the  spread  of  organisms  along  the  vas.  If  the 
acute  infection  of  the  vesicle  occurs  during  the  course  of  a  gonorrhoea, 
the  patient  will  complain  of  urgent  and  frequent  micturition,  perineal 
pam,  and  frequent  and  painful  erections.  The  erections  are  often 
followed  by  painful  emissions,  the  ejaculated  seminal  fluid  being  stained 
dark  brown  with  altered  blood  pigment.  Pain  is  commonly  complained 
of,  not  only  in  the  perineum  but  also  in  the  region  of  the  sacro-iliac 
synchondroses,  the  groin,  and  the  testicles.  During  defaecation  the  pain 
IS  intensified  through  the  pressure  exerted  on  the  distended  vesicles. 

(2)  — ^Diagnosis 

Diagnosis  rests  on  the  above-mentioned  symptoms  and  on  the  dis¬ 
covery,  by  rectal  palpation,  of  a  tender  swelling  in  the  region  of  the 
vesicle.  The  vesiculitis  is  almost  invariably  associated  with  a  prostatitis, 
and  therefore  with  pus  in  the  urine  and  in  the  expressed  prostatic  and 
vesicular  secretions. 

(3)  — ^Treatment 

In  the  acute  stage,  any  active  local  treatment  of  the  urethral  infection, 
such  as  irrigation,  must  be  suspended,  and  treatment  confined  to  the 
administration  of  diuretics  and  analgesics.  Recently,  the  use  of  one  of 
anihmide  sulphanilamide  preparations  has  been  found  of  great  value  in  the 

treatment  of  vesiculitis,  whether  it  is  due  to  infection  with  the  gono¬ 
coccus  or  whether  to  other  organisms.  Rest  in  bed  is  of  paramount 
importance,  not  only  on  account  of  the  vesiculitis,  but  also  as  a  means 
of  reducing  the  risks  of  a  descending  infection  along  the  cord.  The 
bowels  must  be  kept  open,  and  pain  relieved  by  hot  rectal  douches  or 
diathermy.  When  severe,  a  suppository  containing  morphine  i  grain 
and  extract  belladonna  i  grain  should  be  used  night  and  morning. 


4.-CHRONIC  VESICULITIS 

This  may  be  a  sequel  to  an  acute  attack,  or  a  complication  of  chronic 
infection  of  the  prostatic  urethra. 
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(1)  — Clinical  Picture 

The  symptoms  may  be  conveniently  subdivided  into  sexual  and  Sexual 
nervous.  The  sexual  symptoms,  as  in  the  acute  cases,  are  frequent 
erections,  and  emissions  containing  pus  and  pigmented  brown  from 
the  presence  of  degenerated  blood.  The  nervous  symptoms  are  pain.  Nervous 
depression,  and  lassitude.  In  old-standing  cases,  the  patients  may 
become  neurasthenic,  their  attention  being  entirely  concentrated  on 
their  sex  organs  and  their  days  spent  in  recording  their  symptoms  and 
in  bewailing  the  loss  of  their  sexual  health.  Spermatorrhoea,  i.e.  the  Spermator- 
escape  by  day  of  seminal  fluid  containing  spermatozoa  and  other 
elements,  without  erection  or  desire,  may  be  noticeable  and  may 
confirm  the  patient  in  his  opinion  that  his  sexual  capacity  has  been 
irretrievably  lost. 

(2)  — ^Diagnosis 

Sometimes  the  local  symptoms  are  so  slight  and  the  neurasthenia  so 
well  developed  that  the  existence  of  a  vesiculitis  is  overlooked.  It 
should  therefore  be  an  invariable  rule  to  make  a  careful  rectal  examina¬ 
tion  of  the  prostate  and  vesicles  in  all  patients  complaining  of  the 
symptoms  above  described.  Not  only  must  any  signs  of  induration  of 
the^  vesicles  be  carefully  sought  for,  but  also  the  sensibility  of  the 
vesicles  on  the  two  sides  compared.  Finally,  prostatic  and  vesicular 
fluid  must  be  expressed  by  gentle  massage  and  examined  under  the 
microscope  for  the  presence  of  pus  cells. 

(3)  — Treatment 

This  consists  in  the  treatment  of  the  primary  urethral  infection,  to 
which  the  vesiculitis  is  secondary,  as  well  as  in  direct  treatment  of  the 
inflamed  vesicle.  Amongst  the  measures  adopted  to  combat  the  urethral 
infection  the  most  important  is  the  use  of  the  Janet  method  of  irrigating 
the  posterior  urethra  and  bladder,  in  order  to  reduce  surface  infection. 

Of  the  measures  directed  to  the  vesicle,  the  most  important  is  attention 
to  its  drainage.  Emptying  the  vesicle  of  its  retained  secretions  is  eifected 
by  careful  massage,  with  the  patient  in  the  knee-elbow  position.  This  Massage 
should  he  done  after  distending  the  bladder  with  solution,  so  that  the 
infected  material  massaged  out  of  the  vesicle  may  be  expelled  at  the 
end  of  the  treatment  by  getting  the  patient  to  empty  his  bladder. 

Massage  should  be  carried  out  two  or  three  times  a  week  until  examina¬ 
tion  of  the  expressed  fluid  shows  that  it  contains  only  two  or  three  pus 
cells  per  microscopic  field. 

Supplementary  methods  of  treatment  are  rectal  irrigation  with  hot 
water,  or,  better  still,  diathermy  with  rectal  and  suprapubic  electrodes. 

Diathermy  may  conveniently  be  given  prior  to  the  massage,  and  often 
it  will  be  found  that  the  preliminary  heating  of  the  vesicle  increases  the 
amount  of  secretion  subsequently  expelled  from  it  by  massage. 

Efforts  to  empty  the  vesicle  by  means  of  massage  sometimes  prove 
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I  neftective  because  of  the  ejaculatory  ducts  being  blocked.  In  these 
cases,  drainage  can  only  be  effected  either  by  catheterization  of  the 
ducts  or  by  incision  of  the  infected  glands.  Catheterization  can  some¬ 
times  be  carried  out  with  comparative  ease  through  a  posterior  urethro¬ 
scope,  but  in  other  cases  the  openings  of  the  ejaculatory  ducts  into  the 
posterior  urethra  are  so  placed  that  it  is  mechanically  impossible. 

In  these  circumstances  the  only  means  of  draining  the  vesicle  is  by 
open  operation.  Three  types  of  operation  may  be  carried  out,  Belfield’s 
operation,  vesiculotomy,  and  vesiculectomy. 

Belfield’s  operation  consists  of  exposing  the  vas  at  the  neck  of  the 
scrotum,  puncturing  h  with  a  sterile  needle,  and  injecting  medicated 
fluid  into  the  prostatic  section  of  the  vas,  ampulla,  and  vesicle.  Using  a 
silver  salt,  Belfield  was  able  to  demonstrate  by  means  of  radiographs 
that  It  was  possible  in  this  way  to  fill  the  vesicle  completely  with 
antiseptic  fluid.  Opinion  is  divided  as  to  the  value  of  his  procedure 
some  authorities,  such  as  F.  Kidd,  reporting  highly  of  it,  and  others' 
including  the  writer,  regarding  it  of  doubtful  value 
2iculomny  Drainage  or  excision  of  the  inflamed  vesicle  by  open  operation  is  a 
vesiculectomy  ditticult  and  serious  undertaking  and  is  only  exceptionally  justified  when 
the  infected  gland  is  a  source  of  general  iU-health  or  the  primary  focus 
of  a  crippling  gonorrhoeal  rheumatism.  Four  approaches  are  available; 
the  perineal,  the  suprapubic,  the  inguinal,  and  the  transvesical. 

In  the  perineal  approach,  the  vesicles  are  exposed  through  a  curved  pre- 
rectal  mcision  such  as  is  used  in  perineal  prostatectomy.  The  patient  having 
been  placed  in  the  lithotomy  position  with  a  cushion  under  the  sacrum  the 
posterior  smface  of  the  prostate  is  exposed  as  for  a  perineal  prostatectomy. 
By  careful  dissectmn,  the  base  of  the  prostate  and  the  vesicles  are  separated 
fr^  the^rectum.  Great  assistance  in  this  operation  is  rendered  by  the  use  of 
a  Young  s  prostatic  retractor,  which  allows  the  prostate  and  vesicles  to  be 
drapd  down  into  the  perineal  wound  and  avoids  the  necessity  of  working 
in  the  depths  of  a  cavity.  The  fascia  over  the  seminal  vesicles  is  then  incised 
the  iemaming  steps  in  the  operation  depending  on  whether  vesiculotomy  or 
vesiculectomy  is  to  he  carried  out.  In  the  former  procedure,  all  that  is  neces¬ 
sary  is  to  mcise  the  inflamed  vesicle,  insert  a  drainage  tube,  and  bring  the  skin 
together  with  sntures.  If  the  vesicle  is  to  be  excised,  it  must  be  separated  from 
the  prostate  and  base  of  the  bladder  by  careful  dissection,  special  care  being 
necessary  at  the  outer  extremity,  which  is  in  close  relation  to  the  prostato 
vesicular  venous  plexus,  and  the  point  of  entry  of  its  main  blood-supply 
In  suprapubic  vesiculectomy,  the  vesicle  is  approached  through  a  median 

Dortfrfl^nf  employed  in  approaching  the  lowest 

Sh  •  ^  peritoneum  is  separated  backwards,  and  the 

IS  Pii;Shed  upwards  and  forwards  until  the  seminal  vesicles  are  found 

lying  deeply  m  the  pelvis. 

■ne  inguinal  approach  is  similar  to  the  suprapubic,  except  for  the  fact  that 
the  incision  is  oblique,  resembling  that  used  in  the  removal  of  a  ureteric 
calculus  impacted  at  the  brim  of  the  pelvis. 

the  easiest  approach  to  a  surgeon  unaccustomed  to  perineal  pro- 

TUrf  base,  employing  the  technique  devised  by 

Thomson-Walker  m  1924.  With  the  patient  in  the  Trendelenburg  position^ 
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tile  bladder  is  exposed  and  opened,  as  in  the  operation  for  open  prostatectomy. 
An  incision  is  then  made  in  the  floor  of  the  bladder,  extending  from  the 
posterior  lip  of  the  mtemal  meatus  backwards  in  the  middle  line  for  two  and 
a  half  inches.  This  incision  cuts  through  the  bladder  mucous  membrane,  the 
trigonal  muscle,  and  the  muscle  of  the  bladder  wall  immediately  behind  it. 
Through  this  bladder  wound  the  vesicles  are  exposed  and  may  be  excised 
with  comparative  ease.  Afterwards  the  edges  of  the  median  bladder  incision 
are  brought  together  with  fine  catgut  sutures,  a  small  tube  being  inserted  so 
as  to  drain  the  cavity  behind  the  bladder.  The  bladder  is  then  closed  and 
drained  as  after  a  suprapubic  prostatectomy,  the  tube  in  the  retrovesical 
space  being  brought  out  of  the  abdominal  wall  in  company  with  the  supra¬ 
pubic  catheter. 


5-TUBERCULOSIS  OF  THE  SEMINAL  VESICLES 

In  genital  tuberculosis,  the  seminal  vesicle  is  seldom  affected  alone,  a  Aetiology 
tuberculous  vesiculitis  being  found  in  association  with  tuberculosis  of 
the  epididymis  and  of  the  prostate.  Whether  in  such  cases  the  vesicular 
infection  is  primary  and  the  epididymal  secondary,  or  vice  versa,  is  still 
a  matter  of  controversy. 

Usually  the  symptoms  are  slight,  and  the  lesion  is  only  discovered  Clmkal 
during  the  routine  examination  of  a  patient  who  is  found  to  be  suffering 
from  a  tuberculous  epididymitis.  When  symptoms  exist  they  are  similar 
to  those  described  in  the  previous  paragraph,  namely,  sexual  irritation 
with  painful  and  blood-stained  emissions.  Rectal  examination  reveals 
the  presence  of  a  nodular  tender  vesicle,  with  a  hard  craggy  outline, 
and  marked  peri-vesicular  induration.  On  cystoscopy  the  bladder  is 
found  to  be  normal  or,  if  it  has  become  infected  from  the  vesicle,  it 
shows  the  presence  of  tuberculous  lesions  immediately  behind  the  base 
of  the  trigone. 

Only  rarely  is  vesiculectomy  indicated.  As  a  rule,  treatment  is  confined  Treatment 
to  dealing  with  the  tuberculous  infection  of  the  epididymis,  follow^ed  by 
the  adoption  of  the  general  constitutional  remedies  employed  for  a 
tuberculous  infection  occurring  anywhere  in  the  body.  It  will  usually  be 
found  that  the  removal  of  the  tuberculous  epididymis  or  testicle  has  an 
immediate  beneficial  effect  on  the  infected  vesicle,  and  few  operators 
have  followed  Young  in  the  heroic  surgical  procedure  he  advocates  of 
total  excision  of  the  seminal  tract.  In  the  opinion  of  most  surgeons, 
even  a  vesiculotomy  is  comparatively  rarely  indicated  in  the  treatment 
of  genital  tuberculosis.  When  it  is  undertaken,  either  of  the  four  routes 
of  exposure  may  be  employed. 
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1. -DEFINITION 

Enteroptosis;  splanchnoptosis;  Glenard’s  disease) 

1600.]  Visceroptosis  is  often  defined  as  a  condition  in  which  the 
abdominal  viscera  are  situated  at  an  abnormally  low  level  in  the 
abdominal  cavity.  The  weakness  of  such  a  definition  is  that  careful 
radiological  studies  of  the  position  of  such  organs  as  the  stomach  and 
colon,  which  can  be  readily  visualized,  show  that  these  organs  occupy 
no  fixed  position  in  healthy  persons.  It  is  thus  impossible  to  define  any 
particular  position  as  abnormal.  Moreover,  there  is  no  real  evidence 
that  variations  in  the  anatomical  position  of  such  organs  as  the 
stomach  and  colon  produce  any  constant  clinical  syndrome.  Although 
a  large  number  of  variable  symptoms  may  be  associated  with  a  low 
position  of  the  abdominal  viscera,  there  is  no  proof  that  the  ptosis  is 
the  cause  of  the  symptoms,  and  it  is  more  probable  that  both  the 
ptosis  and  the  symptoms  may  be  due  to  a  common  underlying  cause. 

2. -AETIOLOGY 

Before  the  advent  of  radiology  it  was  usually  assumed  that  the  abdominal 
viscera  occupied  more  or  less  fixed  positions;  but  in  1885  Glenard  Glemrd’s 
showed  that  organs  such  as  the  colon,  stomach,  liver,  and  kidney  were  hypothesis 
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often  louiid  to  lie  at  a  lower  level  in  the  abdomen  than  was  considered 
normal.  He  attriouted  certain  local  and  general  symptoms,  such  as 
abdominal  discomfort,  flatulence,  exhaustion,  and  neurasthenia,  to 
ptosis  of  the  abdominal  viscera,  especially  of  the  colon.  In  his  conception 
the  ptosis  produced  kinking  and  angulation  of  the  intestines,  which  led 
to  stasis  of  their  contents  with  absorption  of  toxins.  Later  he  modified 
his  purely  mechanical  explanation  of  ptosis  by  assuming  a  functional 
derangement  of  the  liver  which,  according  to  his  view,  produced  a 
diminution  in  the  muscular  tone  of  the  intestine. 

The  introduction  of  X-ray  examination  of  the  intestinal  tract  shed 
much  light  on  visceroptosis.  Moody,  van  Nuys,  and  Chamberlain 
attempted  to  determine  accurately  the  position  of  the  stomach  and 
colon  in  young  healthy  persons  who  had  not  suffered  from  any 
dyspeptic  symptoms.  Their  radiological  investigations  showed  that  when 
examined  in  the  erect  position  the  greater  curvature  of  the  stomach 
dropped  below  the  inter-iliac  line,  i.e.  a  line  drawn  between  the  highest 
points  on  the  iliac  crests,  in  74  per  cent  of  men  and  87  per  cent  of  women; 
further,  in  25  per  cent  of  the  men  and  46  per  cent  of  the  women  it  was 
more  than  three  inches  below  this  line.  Moreover,  they  showed  in  both 
men  and  women  that  in  the  recumbent  position  the  stomach  rose  to 
a  much  higher  position.  Later  Moody  investigated  the  position  of  the 
stomach  in  patients  over  forty  years  of  age  complaining  of  gastric 
symptoms  and  found  that  a  low  position  of  the  stomach  occurred 
more  often  in  healthy  young  adults  than  in  these  elderly  dyspeptics. 
Barclay,  from  a  series  of  radiological  studies,  has  come  to  the  con¬ 
clusion  that  one  of  the  most  striking  features  of  the  abdominal  viscera 
is  their  mobility,  and  has  said;  ‘The  normal  abdominal  viscera  have  no 
fixed  shapes  and  no  fixed  positions,  and  every  description  of  them  must 
be  qualified  by  a  statement  of  the  conditions  existing  at  the  time  of 
observation.  Moreover  profound  change  may  be  caused  not  only  by 
mechanical  forces  but  also  by  mental  influences.’  Barclay  has  shown  that 
emotional  disturbance,  such  as  fear,  may  produce  relaxation  in  the 
tone  of  the  gastric  musculature  and  a  consequent  drop  in  the  position 
of  the  stomach.  Thus  the  sudden  banging  of  a  door  during  a  screen 
examination  caused  the  lower  border  of  the  stomach  to  drop  from  the 
level  of  the  umbilicus  almost  into  the  pelvis. 

Radiological  investigations  have  shown  the  position  of  the  colon  to 
be  as  variable  as  that  of  the  stomach.  The  caecum  may  lie  in  any 
position  between  the  upper  border  of  the  iliac  crest  and  the  pelvis,  and 
the  transverse  colon  varies  to  a  remarkable  extent  in  the  level  at  which 
It  crosses^  the  abdomen.  Although  many  symptoms,  including  chronic 
consfipation,  have  been  ascribed  to  coloptosis,  there  is  no  radiological 
or  clinical  evidence  to  support  such  a  view. 

The  motility  of  the  stomach  in  no  way  depends  on  its  position  in  the 
abdomen.  It  can  be  shown  that  a  stomach,  the  greater  curvature  of 
which  IS  within  the  true  pelvis,  can  empty  in  normal  time  provided 

tnere  is  no  obstruction,  at  the  pylorus. 
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^  Although  there  is  no  evidence  that  the  abdominal  viscera  occupy 
fixed  normal  positions  in  the  abdominai  cavity,  nevertheless  it  must 
be  admitted  that  the  viscera  in,  some  individuals  Me  at  lower  levels  than 
in  others. 

Many  views  have  been,  put  forward  to  explain  how^  the  abdomnal  Factors 
viscera ^  are  retained  in  position.  They  are  attached  to  the  posterior 

abdominal  wail  by  peritoneal  ligaments,  but  these  are  relatively  thin  ^^istera 
and  iax  and  cannot  hold  the  viscera  in  place.  Indeed  their  laxity  allows  Peritoneal 
the  free  movements  of  such  organs  as  the  stomach  and  colon  which 
take  place  with  alterations  in  posture  and  respiration.  One  factor  which  Habitus 
helps  to  determine  the  shape  and  position  of  organs  such  as  the  stomach 
and  colon  is  the  general  conformation  or  habitus  of  the  individual. 

Thus  the  long-chested  type  with  a  narrow  costal  angle  tends  to  have  a 
narrow  and  elongated  abdominal  cavity  which  results  in  the  stomach 
being  elongated  and  vertical.  On  the  other  hand  in  the  broad-chested 
individual  with  a  wide  costal  angle  the  stomach  tends  to  lie  more 
horizontally  and  at  a  higher  level  in  the  abdomen.  There  has  been  Abdominal 
much  controversy  as  to  the  part  played  by  the  abdominal  wall  in  the  ^ 
mamtenance  of  the  position  of  the  viscera,  and  it  has  often  been 
assumed  that  they  are  maintained  in  position  by  the  intra-abdominal 
pressure  due  to  the  tonus  of  the  abdominal  musculature.  Although  the 
supports  of  the  abdominal  wall  and  of  the  pelvic  floor  are  undoubtedly 
factors,  atony  of  the  abdominal  muscles  does  not  necessarily  lead  to 
ptosis  of  the  abdominal  viscera. 

The  position  of  the  intra-abdominal  viscera  varies  within  very  wide 
limits,  not  only  in  individuals  but  in  the  same  person  at  different  times 
and  under  different  conditions.  Moreover,  it  is  clear  that  when  viscera, 
such  as  the  stomach  or  colon,  are  situated  abnormally  low,  this  is  not 
inconsistent  with  perfect  health  and  physical  fitness. 

Although  the  terms  gastroptosis,  coloptosis,  nephroptosis,  and  hepato- 
ptosis  are  often  used  to  designate  what  is  regarded  as  an  abnormal 
position  of  the  stomach,  colon,  kidney,  and  liver,  it  is  unusual  for  a 
single  organ  to  be  situated  abnormally  low.  Thus  if  the  greater  curvature 
of  the  stomach  is  situated  in  the  pelvis  the  transverse  colon  will  also  be 
found  at  an  even  lower  level. 


3.-CLINICAL  PICTURE 

From  what  has  been  said  above  it  is  clear  that  the  symptoms  often  Symptoms 
ascribed  to  visceroptosis  are  certainly  not  due  solely  to  an  abnormally 
low  position  of  the  intra-abdominal  viscera.  Nevertheless  certain 
symptoms  are  common  in  patients  in  whom  the  stomach,  colon,  and 
other  organs  appear  to  be  abnormally  ptosed.  It  is  justifiable  therefore 
to  describe  the  symptoms  so  often  attributed  to  visceroptosis.  These 
are  abdominal  discomfort,  flatulence,  constipation,  general  weak¬ 
ness,  and  lassitude.  The  patients  are  almost  always  introspective  and 
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liypoclioridriacal  and  tlie  vast  majority  are  females,  more  commonly 
unmarried  or  childless  married  women. 

The  history  of  the  patient  often  shows  that  weakness  and  lassitude 
antedate  the  other  symptoms,  sometimes  by  many  years.  Even  from, 
childhood  many  of  the  patients  have  been  regarded  as  weakly  and  of 
poor  physique  with  deficient  physical  and  mental  energy. 

Abdominal  symptoms  attributed  to  visceroptosis  are  very  variable; 
often  they  are  not  severe  and  are  described  by  the  patient  as  dragging 
sensations  in  the  epigastrium  or  in  either  iliac  fossa,  commonly  associ¬ 
ated  with  backache.  Sometimes  burning  or  gnawing  sensations  may  be 
complained  of.  At  times  there  may  be  attacks  of  acute  pain,  particularly 
in  one  or  other  iliac  fossa,  which  may  suggest  appendicitis  or  diver¬ 
ticulitis.  During  such  an  attack  the  caecum  or  pelvic  colon  is  sometimes 
found  to  be  tender,  hard,  and  contracted,  suggesting  the  condition  often 
described  as  colospasm.  Not  uncommonly  such  attacks  are  followed  by 
the  passage  of  mucus  and  a  diagnosis  is  made  of  muco-membranous 
colitis.  (See  also  Colitis,  Vol.  Ill,  p.  294,  and  Mucous  Colic,  Vol.  VIII 

p.  660.) 

Flatulence  and  distension  are  also  common  complaints.  Considerable 
amounts  of  air  may  be  eructated  and  the  patient  may  be  much  worried 
by  borborygmi  and  flatus.  The  patient,  as  a  rule,  regards  these  symptoms 
as  caused  by  abnormal  fermentation  in  the  stomach  or  bowel,  though  in 
fact  they  are  due  to  aerophagy.  Constipation  is  perhaps  one  of  the  most 
constant  accompaniments  of  supposed  visceroptosis.  Purgatives  are 
usually  taken  daily,  and,  like  those  who  suffer  from  mucous  colic,  these 
patients  make  a  minute  study  of  their  faeces;  often  dissatisfaction  with 
either  their  quality  or  quantity  leads  to  great  anxiety  and  distress.  This 
may  even  induce  them  to  have  recourse  to  even  more  powerful  purges 
which  irritate  the  colon  and  may  precipitate  attacks  of  colospasm  and 
the  passage  of  mucus. 

Although  the  appetite  is  often  fairly  good,  the  patient  often  excludes 
first  one  article  of  diet  and  then  another  on  the  assumption  that  they 
increase  the  abdominal  discomfort  or  produce  pain;  thus  a  very  small 
amount  of  food  is  eaten,  and  as  a  result  malnutrition  and  loss  of  weight 
aggravate  the  lassitude  and  fatigue  which  are  often  already  prominent 
symptoms. 

The  vasomotor  system  is  often  unstable.  Attacks  of  palpitation  and 
tachycardia  are  common  together  with  dizziness  or  vertigo.  These  are 
sometimes  associated  with  flatulence  and  distension,  which  produce 
alarming  feelings  of  suffocation  and  dyspnoea. 

As  might  be  expected  in  subjects  of  chronic  inanition,  there  is  often  a 
disturbance  of  the  menstrual  functions,  such  as  irregular  menses, 
amenorrhoea,  or  dysmenorrhoea.  There  is  an  increased  liability  to 
infections,  such  as  colds,  influenza,  sinusitis,  and  Bact.  coli  infections  of 
the  urinary  tract.  There  is  always  some  evidence  of  mental  instability. 
Symptoms  are  described  in  excessive  detail  and  their  agonizing  or 
intolerable  character  is  much  emphasized.  Insomnia  and  nightmares  are 
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commoo..  The  patient’s  lack  of  adaptation  to  her  siirroundings  often 
renders  family  life  difficult. 

On  physical  exaniinatiori  there  is  little  objective  evidence  of  disease 
apart  from  evidence  of  malnutrition.  The  blood-pressure  is  usually 
below  the  average.  There  is  often  some  degree  of  anaemia,  probably 
due  to  the  .malnutrition,.  Radiological  exami,riatioii  may  show  the 
stomach  and  colon  to  be  low  in  position,  but  by  no  means  co,nsta!itly, 
and  many  patients  who  .have  been  diagnosed  as  visceroptosis  on  the 
strength  of  general  and  local  symptom,s  are  found  to  have  their  viscera 
not  unduly  low.  Not  iincom,monly  the  right  kid.ney  is  eas,ily  palpable, 
and  in  some  cases  if  the  patient  takes  a  deep  breath  the  whole  kidney 
descends  below  the  ribs.  As  a  rule  it  is  not  tender  and  no  symptoms  are 
attributed  to  it,  unless  they  have  been  suggested  by  the  ill-judged  remarks 
of  the  practitioner.  Examination  of  the  gastric  sec,retion  with  a  fractional  Test-meal 
test-meal  shows  no  constant  findings  and  the  amount  of  acid  may  range 
from  hyperchlorhydria  to  achlorhydria. 

The  clinical  syndrome  so  often  attributed  to  visceroptosis  is  really  one 
of  chronic  invalidism,  with  a  tendency  for  the  patient  to  emphasize 
particularly  symptoms  referred  to  the  alimentary  tract.  It  is  difficult  to 
avoid  the  conclusion  that  at  any  rate  the  majority  of  patients  with  a 
diagnosis  of  visceroptosis  belong  to  the  class  of  patient  who  in  the  past 
was  diagnosed  as  movable  kidney,  chronic  intestinal  stasis,  or  muco- 
membranous  colitis,  and  who  to-day  is  often  classified  under  the  heading 
of  colospasm,  enterospasm,  or  nervous  dyspepsia.  During  recent  years 
diagnoses  of  visceroptosis  have  become  relatively  uncommon  and  they 
will  probably  become  even  more  so.  Table  I  shows  the  cases,  grouped 
in  five-year  periods,  indexed  since  1900  in  the  Guy’s  Hospital  clinical 
reports  under  the  headings  visceroptosis  (including  enteroptosis),  mov¬ 
able  kidney,  chronic  intestinal  stasis,  gastroptosis,  and  coloptosis. 


TABLE  I. — Numbers  of  Cases  of  Selected  Diagnoses  indexed 
in  Guy’s  Hospital  Clinical  Reports,  1900-33 


Years 

Viscero¬ 

ptosis 

Movable 

Kidney 

Chronic 

Intestinal 

Stasis 

Gastro¬ 

ptosis 

Colo¬ 

ptosis 

1900-1904 

14 

184 

0 

0 

0 

1905-1909 

37 

150 

21 

0 

0 

1910-1914 

63 

76 

288 

0 

0 

1915-1919 

47 

32 

138 

0 

0 

1920-1924 

135 

26 

1 

78 

41 

1925-1929 

77 

11 

0 

14 

11 

1930-1933 

28 

2 

0 

8 

1 

It  is  difficult  to  avoid  the  conclusion  that  fashions  in  diagnosis  change. 
Thus  in  the  course  of  thirty  years  movable  kidney  has  practically 
disappeared  and  concurrently  with  its  disappearance  there  was  a 
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corresponding  rise  in  the  number  of  patients  diagnosed  as  visceroptosis 
and  chronic  intestinal  stasis. 

A  progressive  decrease  in  the  number  of  patients  with  diagnoses  of 
visceroptosis,  enteroptosis,  and  gastroptosis  is  shown  in  Table  II. 

TABLE  II.— Numbers  of  Diagnoses  of  Visceroptosis,  Enteroptosis, 
and  Gastroptosis  made  at  the  London  Hospital  from  1920  to  1934, 
arranged  in  Quinquennial  Periods 

Years 


Males 

Females 

Total 

_ 

164 

533 

697 

- 

135 

484 

619 

- 

40 

246 

286 

1930  to  1934 

For  the  last  two  years  for  which  figures  are  available  at  the  London 
Hospital  (1935  and  1936)  the  total  number  of  cases  with  these  diagnoses 

nad  fallen  to  30  and  45  respectively. 

Although  visceroptosis  is  not  the  common  condition  it  was  at  one 
time  thought  to  be,  there  are  some  uncommon  clinical  conditions  in 
which  ptosis  of  certain  abdominal  organs  appears  to  be  a  causal  factor 
,  These  are  nephroptosis  with  the  production  of  attacks  simulating  renal 
cohc  known  as  Dietfs  crises  (see  Vol.  VII,  p.  389),  obstruction  of  the 
ttod  part  of  the  duodenum  as  a  result  of  compression  by  the  root  of 
tte  mesentev  (duodenal  ileus,  see  Vol.  YII,  p.  248),  and  gastroptosis 
with  the  production  of  gastric  stasis. 

Gastroptosis^  may  perhaps  in  certain  circumstances  produce  demon¬ 
strable  delay  in  the  passage  of  food  from  the  stomach.  A  stomach  the 
greater  portion  of  which  is  situated  in  the  pelvis  shows  normal  tone 
ancl  penstalsis  and  evacuates  its  contents  without  undue  delay,  because 
m  the  great  majority  of  instances  of  gastroptosis  the  pylorus  and 
duodenum  are  also  lying  at  a  low  level  in  the  abdomen.  If,  however 
the  retro-pentoneal  portion  of  the  duodenum,  i.e.  its  second  or  descend- 
ing  portion,  remains  firmly  anchored  to  the  posterior  wall  of  the 
abdomen,  this  may  produce  a  kinking  at  the  junction  of  the  first  and 
second  parts  of  the  duodenum  which  may  interfere  with  the  normal 
evacuation  of  the  stomach.  Thus  when  the  stomach  is  shown  by  X-ray 

level  of  the  second  portion  of  the  duodenum  when  the  patient  is 
exaimned  erect.  If  the  duodenum  has  not  dropped  with  the  stomach  it 
can  usually  be  shown  that  though  the  duodenal  cap  (the  first  part  of 

Sidto opaque  meal  does  no?  pass  uSmal 
rapidity  into  the  second  and  third  parts  of  the  duodenum.  If,  however 

the  patient  lies  down,  particularly  if  she  lies  on  her  right  side  the 

n  f  opaque  meal  passes  with  normal  speed  through  all 

abdominal  discomfort,  which  starts  as  a  meal  is  being  taken  and  is  at 
worst  when  the  stomach  is  full.  If  the  patient  lies  down  on  the  right 
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side  the  symptoms  rapidiy  abate.  A  large  and  bulky  meal  is  more  hkelv 
to  produce  symptoms  than  a  small  meal.  Gastric  stasis  of  this  type 
is  but  rarely  produced  by  gastroptosis,  and  in  the  great  majority  of 
instances  the  stomach  empties  normally. 

Ptosis  of  the  liver  may  be  associated  with  a  general  '.isceroptosis.  In  Piosis  of  liver 
cases  of  megacolon,  or  Hirschsprung’s  disease  (see  Vol.  VIII,  p.  470), 
the  liver  may  be  rotated  to  the  right  so  that  the  right  lobe  extends  well 
below  the  umbilicus  and  almost  into  the  right  iliac  fossa.  Usually  no 
special  symptoms  are  produced  by  hepatoptosis  but  it  is  important  to 
avoid  regarding  the  condition  as  due  to  enlargement  or  growth.  By 
percussion  it  is  often  possible  to  demonstrate  that  the  upper  border  of 
the  liver  is  abnormally  low. 

Ptosis  of  the  spleen  is  extremely  rare  except  when  the  spleen  is  enlarged  Ptosis  of 
as  in  chronic  myeloid  leukaemia,  in  which  disease  the  spleen  is  often 
dropped  and  rotated  and  may  even  be  found  in  the  pelvis.  Symptoms 
are  usually  absent  unless  torsion  of  the  pedicle  occurs. 

4.-COURSE  AND  PROGNOSIS 

The  symptom-complex  so  commonly  described  as  due  to  visceroptosis  Psychological 
IS  so  often  associated  with  a  psychological  and  physical  inferiority, 
which  is  to  some  extent  inherent  and  environmental,  that  when  symptoms 
have  once  become  firmly  established  the  outlook  as  regards  cure  is 
necessarily  poor.  Without  a  complete  change  in  personality  and  con¬ 
stitution  it  can  hardly  be  expected  that  the  mental  outlook  and  habits 
can  be  altered.  Moreover,  some  of  these  patients  ‘enjoy  iU-health’  and 
would  be  the  last  to  desire  to  exchange  their  chronic  invalidism  for 
a  robust  normal  life.  In  chronic  cases  therefore,  when  the  symptoms 
have  been  present  for  years,  there  is  little  hope  of  effecting  more  than 
a  temporary  improvement,  particularly  if  unnecessary  and  ill  advised 
surgical  operations,  such  as  nephropexy,  colopexy,  gastroplasty,  or 
even  appendicectomy,  have  been  performed.  When  the  symptoms  have 
been  of  relatively  short  duration  and  the  patient  is  co-operative  the 
outlook  is  better,  at  least  as  regards  relief  and  improvement  if  not  as 
regards  complete  cure.  Though  the  condition  may  make  life  a  burden, 
if  not  to  the  patient  at  any  rate  to  her  relatives,  it  does  not  in  itself 
shorten  life  except  in  so  far  as  the  inanition  and  general  physical 
unfitness  may  render  her  an  easier  prey  to  intercurrent  illness. 


5.-DIAGNOSIS  AND  DIFFERENTIAL  DIAGNOSIS 

A  careful  X-ray  examination  of  the  stomach  and  duodenum  should 
detect  the  rather  unusual  cases  of  gastroptosis  in  which  fixity  of  the 
duodenum  has  caused  delay  in  the  emptying  of  the  stomach. 

The  symptoms  attributed  to  visceroptosis  are  so  vague  and  variable 
that  a  carefuUy  taken  history  in  conjunction  with  a  consideration  of  the 
patient’s  attitude  and  personality  are  often  almost  sufiicient  to  exclude 
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diseases  which  produce  well  defined  symptom-complexes,  such  as 
duodena!  ulcer,  gastric  ulcer,  or  renal  and  biliary  colic.  The  duration 
of  symptoms  is  often  sufficient  to  exclude  malignant  growths.  These 
patients  may  sooner  or  later  develop  some  organic  disease  and,  as  it  is 
most  important  for  the  practitioner  to  satisfy  himself  that  gross  organic 
disease  is  absent,  it  is  usually  wise  to  have  the  patient  thoroughly 
investigated  with  X-rays  of  the  alimentary  tract  and  the  gall-bladder,  a 
fractional  test-meal,  and  examination  of  several  faecal  specimens  for 
occult  blood.  For  the  latter  the  patient  must  be  kept  on  a  diet  free 
from  meat,  fish,  green  vegetables,  and  fruit  for  at  least  four  days.  Often 
in  addition  an  X-ray  examination  of  the  lungs  is  desirable  to  exclude 
a  latent  tuberculosis  and,  if  there  is  any  suggestion  of  anaemia,  a  blood 
count.  Hypochromic  anaemia,  so  often  found  in  women  with  hypo- 
chlorhydria,  is  a  common  cause  of  chronic  ill-health.  The  chronic 
gastritis  which  is  so  common  in  this  type  of  patient  may  suggest  a 
diagnosis  of  visceroptosis. 

The  diagnosis  of  nephroptosis  with  DietFs  crises  is  described  in  Vol.  VII, 
p.  389,  and  that  of  duodenal  ileus  in  Vol.  VII,  p.  250. 

It  is  doubtful  if  it  is  ever  wise  to  tell  a  patient  that  he  or  she  is  suffering 
from  visceroptosis.  To  the  lay  mind  the  statement  that  the  stomach, 
bowels,  or  kidneys  are  dropped  or  misplaced  offers  a  reasonable 
explanation  for  symptoms  of  any  and  every  kind,  which  is  only  too 
readily  accepted  by  the  patient.  Moreover,  the  idea  is  a  great  deal  easier 
to  implant  than  to  eradicate  from  the  patient’s  mind.  Diagnoses  such 
as  nerve  exhaustion,  nervous  dyspepsia,  or  colospasm  are  likely  to  have 
less  deleterious  effects. 


6.-TREATMENT 

Preventive 

It  has  often  been  stated  that  visceroptosis  is  likely  to  follow  a  confine¬ 
ment  if  the  patient  is  not  kept  sufficiently  long  in  bed.  The  abdominal 
muscles  stretched  during  pregnancy  are  left  lax  after  parturition  and  if 
the  patient  gets  up  and  about  too  early  the  lax  abdominal  wall  and  pelvic 
floor  allow  the  viscera  to  descend.  Though  without  doubt  an  adequate 
period  of  rest,  certainly  not  less  than  twelve  days,  should  be  insisted  on 
after  a  confinement,  it  is  very  doubtful  if  this  is  an  important  factor 
in  the  production  of  visceroptosis.  Quite  apart  from  other  arguments 
most  patients  in  whom  the  diagnosis  is  made  have  not  borne  children. 

Very  often  the  symptom-complex  designated  as  visceroptosis  is 
initiated  in  early  life  or  even  in  childhood.  The  patient  may  have  been 
an  only  child  brought  up  in  an  atmosphere  of  invalidism  and  maternal 
anxiety.  Labouring  under  the  defects  of  an  inferior  constitution  a  sense 
of  inferiority  develops,  which  may  later  lead  to  chronic  invalidism 
as  a  refuge,  particularly  if  the  environment,  whether  occupational  or 
domestic,  is  unsatisfactory.  A  general  improvement  in  the  management 
of  children,  both  before  and  during  school  life,  will  without  doubt  tend 
to  dimmish  the  incidence  of  chronic  invalidism  in  later  life. 
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Specific 

As  most  of  these  patients  suffer  from  undue  fatigue,  rest  must  be  Rest 
insisted  on,  in  varying  degree  according  to  the  severity  of  the  individual 
case  from  rest  in  bed  to  curtailment  of  unnecessary  activities.  The  patient 
is  constitutionally  under  average,  both  physically  and  mentally,  and  the 
degree  of  activity  allowed  must  be  adjusted  to  her  powers.  She  should 
go  to  bed  early  and  if  there  is  difficulty  in  getting  to  sleep  a  dose  of 
bromide  at  night  is  often  both  effective  and  harmless.  Only  too  often  Sedative 
the  patient  has  a  dread  of  sleeping  draughts  and  it  may  be  wise  to  say 
that  she  is  being  given  a  tonic  rather  than  a  sedative.  In  severe  cases, 
when  the  patient  is  being  kept  at  rest  in  bed,  a  course  of  general  massage  Massage 
is  often  of  value. 

The  posture  of  these  patients  is  often  defective  and  much  can  be  done  Correction  of 
to  correct  this  by  graduated  exercises  and  gymnastics,  but  they  should  posture 
not  be  severe  enough  to  produce  fatigue  and  exhaustion.  The  exercises 
should  be  performed  under  the  supervision  of  an  expert  in  remedial 
exercises;  moreover,  it  is  always  more  satisfactory  if  they  can  be  done  in 
a  class  rather  than  individually,  as  the  presence  of  other  patients  tends 
to  produce  a  competitive  spirit  and  an  atmosphere  of  cure.  The  exercises 
consist  mainly  of  active  movements  of  the  abdominal  muscles  and 
diaphragm,  which  in  most  of  these  patients  is  unduly  low  with  a 
restricted  respiratory  excursion. 

In  the  past  abdominal  belts,  either  elastic  and  w^ebbing  or  leather  and  Abdominal 
metal,  were  almost  invariably  ordered  for  patients  who  w^ere  supposed 
to  be  suffering  from  visceroptosis.  It  was  assumed  that  a  belt  restored 
the  dropped  viscera  to  a  normal  position.  Although  X-ray  examination 
demonstrates  clearly  that  a  belt  has  not  any  effect  whatever  on  the 
position  of  the  viscera,  a  proportion  of  patients  obtain  subjective 
benefit  from  a  belt.  Whether  this  is  due  only  to  moral  support  or  whether 
the  belt  may  increase  the  intra-abdominal  pressure  and  perhaps  second¬ 
arily  benefit  the  vasomotor  system  is  uncertain.  At  any  rate  a  belt  is 
well  worth  a  trial,  the  most  comfortable  type  being  the  elastic  and 
webbing. 

Patients  often  subsist  on  an  Inadequate  diet,  not  so  much  because  Diet 
appetite  is  lacking  as  because  they  have  cut  out  of  their  diet  successively 
various  kinds  of  food  on  the  assumption,  usually  wrong,  that  these 
disagree  with  them.  As  a  result  of  a  continued  low  diet  feelings  of  fatigue 
and  exhaustion  are  aggravated  and  sometimes  there  may  be  almost 
emaciation.  It  is  wise  to  forbid,  at  any  rate  for  a  time,  all  articles  of 
diet  which  leave  a  large  cellulose  residue,  as  many  of  these  patients 
are  liable  to  attacks  of  colospasm  and  muco-membranous  colitis. 

All  vegetables  should  be  excluded  unless  sieved,  particularly  salads, 
cucumber,  and  tomatoes.  Fruit-juice  is  desirable  but  all  pips  and  skins 
must  be  avoided.  Highly  spiced  food,  such  as  game,  sauces,  and  shell¬ 
fish,  are  undesirable.  If  distension  and  flatulence  are  troublesome, 
potatoes  and  rice  should  not  be  eaten,  particularly  if  the  flatulence 
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appears  to  be  maialy  colonic.  The  patient  should  eat  slowly  and  chew 
the  food  well,  and  meals  should  be  at  regular  times  and  not  hurried. 
In  the  rare  cases  of  gastroptosis  in  which  fixity  of  the  duodenum  pro¬ 
duces  kinking  with  slow  evacuation  of  the  gastric  contents  relief  is  often 
obtained  if  the  patient  lies  on  the  right  side  for  half  an  hour  to  an  hour 
after  meals.  The  latter  should  be  small  and  rather  frequent.  If  symptoms 
are  severe  a  period  of  complete  rest  in  bed  with  the  foot  of  the  bed 
elevated  may  be  necessary. 

Drugs 

Most  of  these  patients  suffer  from  constipation  and  many  of  them  take 
powerful  purgatives  daily,  thereby  irritating  a  colon  which  is  usually 
already  over-irritable.  The  constipation  is  due  not  to  obstruction  or 
kinking  associated  with  ptosis  but  to  the  general  poor  physical  condition 
of  the  patient  and  the  unsatisfactory  abdominal  musculature,  which 
renders  the  act  of  defaecation  ineffective.  All  purgatives  should  be 
stopped  and  liquid  parafihn  given  in  divided  doses  after  meals  in  order 
to  avoid  the  formation  of  scybala.  In  some  cases  enemas  may  be  neces¬ 
sary.  In  patients  who  have  attacks  of  colospasm  or  muco-membranous 
colitis  an  antispasmodic  mixture  is  often  of  value,  such  as  tincture  of 
belladonna  5  minims,  tincture  of  hyoscyamus  20  minims,  and  pepper¬ 
mint  water  to  -J-  fluid  ounce.  This  may  be  taken  thrice  daily  before  meals. 
In  these  difficult  and  distressing  cases  it  is  most  important  for  the 
practitioner  to  be  sympathetic  and  tactful.  When  the  patient  has  been 
thoroughly  investigated  and  all  findings  are  negative  her  practitioner 
must  be  particularly  careful  not  to  convey  the  impression  that  he  thinks 
there  is  nothing  wrong  or  that  the  patient’s  ills  are  purely  imaginary. 
Such  an  attitude  at  once  makes  the  patient  lose  confidence  and  further 
co-operation  between  patient  and  practitioner  is  impossible.  It  should 
be  explained  to  the  patient  that  the  digestive  mechanism,  though  perfect 
in  itself,  depends  for  its  satisfactory  functioning  on  nervous  control. 
Examples  may  be  given  of  the  effects  of  exhaustion,  anxiety,  or  fear 
on  the  appetite  and  digestion.  The  mechanism  of  aerophagy  should 
be  explained  to  patients  who  are  troubled  with  eructations  and  bor- 
borygmi  (see  Aerophagy,  Yol.  I,  p.  256).  As  a  rule  these  symptoms  are 
attributed  to  ‘fermentation’  and  if  the  real  nature  of  the  condition  is 
explained  symptoms  are  often  much  relieved.  An  unfavourable  environ¬ 
ment  may  often  play  an  important  part  but  unfortunately  this  is  often 
an  unavoidable  factor.  A  sympathetic  and  confidential  talk  may,  how¬ 
ever,  be  of  the  greatest  value  in  helping  the  patient  to  adapt  herself. 

Surgical 

The  only  two  conditions  associated  with  ptosis  in  which  any  surgical 
interference  is  justifiable  are  Dietl’s  crises  (see  Vol.  VII,  p.  390)  and 
duodenal  ileus  (see  Vol.  VII,  p.  250). 

Since  about  the  beginning  of  this  century  innumerable  operations  have 
been  devised  for  the  supposed  replacement  of  dropped  organs,  and  the 
results  are  almost  always  disastrous.  Sometimes  as  a  result  of  the  rest 
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enforced  by  the  operation  and  perhaps  the  personality  of  the  operator 
there  may  be  a  short  temporary  improvement  but  usually  within  six 
months  the  patient  is  as  bad  or  worse  than  before  operation.  In  such 
cases  the  recurrence  of  symptoms  is  often  attributed  to  ‘adhesions’  and 
the  patient  is  lucky  if  she  is  not  subjected  to  secondary  operations. 
Fortunately  surgeons  have  become  more  hesitant  than  formerly  about 
operating  on  chronic  abdominal  invalids.  At  Guy’s  Hospitaf  in  the 
five  years  1927  to  1931  there  were  only  five  nephropexies  and  only 
two  colopexies  performed.  This  is  a  striking  contrast  to  the  figures  for 
1920  to  1924,  when  there  were  15  nephropexies  and  30  colopexies,  and 
for  the  years  between  1911  and  1915  when  there  were  no  less  than 
286  colectomy  and  short  circuit  operations,  most  of  which  w^ere  per¬ 
formed  on  patients  of  the  type  often  grouped  as  visceroptosis.  Unfor¬ 
tunately  since  about  1920  there  has  been  a  big  increase  in  the  number  of 
operations  for  chronic  appendicitis,  many  of  which  have  been  performed 
for  the  cure  of  vague  dyspeptic  symptoms. 
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Reference  may  also  be  made  to  the  following  titles: 


BERI-BERI 
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INFANT  FEEDING 
PELLAGRA 
RICKETS 
SCURVY 


l.-DEFINITION 

1601.]  Vitemins  may  be  defined  as  substances  distributed  in  foods  in 
quantitatively  small  amounts,  distinct  from  the  main  components 
(carbohydrate,  fat,  protein,  mineral  salts,  and  water)  which  are  needed 
for  the  normal  nutrition  of  the  organism,  and  absence  of  which  is  the 
cause  of  specific  ‘deficiency  diseases’.  The  more  important  of  these 
vitamins,  from  the  standpoint  of  cUnical  medicine,  are  no  doubt  the 
following,  (c)  Water-soluble  group:  (i)  vitamin  B^,  which  protects 
against  beri-beri  and  nutritional  polyneuritis;  (ii)  the  ‘P-P’  or  pellagra¬ 
preventing  factor,  a  part  of  the  so-called  ‘vitamin  B3  complex’;  and 
(m)  vitamin  C  which  protects  against  scurvy,  (h)  Fat-soluble  group: 
(iv)  vitamin  D  which  protects  against  rickets,  as  well  as  osteomalacia 
and  nutritional  tetany,  and  (v)  vitamin  A,  the  ‘anti-xerotic’  factor. 
Vitomin  E  (anti-sterility  factor)  is  probably  of  significance  for  human 
beings,  and  vitamins  ‘P’,  ‘H’,  and  others  (see  p.  598)  possibly  so.  For 
chemical  names  or  other  synonyms  see  p.  575. 


2.-HISTORICAL 

Recognition  of  the  existence  of  vitamins  has  grown  gradually.  The 
first  step  in  a  long  series  of  developments  leading  eventually  to  the 
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‘vitamin  hypothesis'  may  be  discerned  in  some  early  observations  on 
dehciency  diseases,  especially  on  scurvy  and  beri-beri 
Earty  in  the  seventeenth  century  (1601)  Sir  James  Lancaster  intro- 
duced  the  regular  use  of  oranges  and  lemons  into  the  ships  of  the 
East  India  Company  as  a  preventive  against  scurvy.  Many  others 

eighteenth  centuries,  repeatedly  confirmed 
the  fact  that  fresh  fruits  and  vegetables  were  effective  in  curin<^  or 
preventing  the  disease.  In  1885  Takaki  was  able  to  stamp  out  beri¬ 
beri  m  the  Japanese  navy  by  changes  in  the  diet.  The  nature  of  the 
dietetic  error  responsible  for  these  two  diseases,  however,  was  not  yet 
understood,  although  it  may  be  recalled  that  a  far-sighted  physician 
had  predicted  in  1840  that  scurvy  is  ‘due  to  the  lack  of  an  essential 
element  which  it  is  hardly  too  sanguine  to  state  will  be  discovered  by 
organic  chemistry  or  the  experiments  of  physiologists  in  a  not  too 
distant  future  (Budd).  Towards  the  end  of  the  nineteenth  century  the 
view  began  to  be  expressed  by  paediatricians  that  Tickets  is  produced 
as  certainly  by  a  rachitic  diet  as  scurvy  by  a  scorbutic  diet’ 

In  1890  Eijkman,in  the  Dutch  East  Indies,  made  the  important  dis¬ 
covery  of  experimental  ben-beri  in  fowls.  From  1890  to  1897  he  carried 
out  the  earliest  work  on  the  extraction  of  the  antineuritic  substance 
(now  called  vitamin  Bj),  which  he  found  to  be  present  in  the  bran  of 
rice  but  not  m  polished  rice.  But  the  first  to  appreciate  clearly  that 
beri-ben  was  due  solely  and  simply  to  a  dietary  deficiency  and  was 
not  caused  by  any  positive  agent  or  toxin,  was  Eijkman’s  collaborator 
Gnjns  (1901).  In  1907  Holst  and  Frolich  in  Christiania  discovered 
experimental  scurvy  in  guinea-pigs.  With  Eijkman’s  pioneer  work  on 
beri-ben  m  mind  they  considered  this  likewise  to  be  a  deficiency  disease 

and  set  out  to  examine  the  properties  of  the  anti-scorbutic  substance 
(now  vitamin  C). 

By  1906  Hopkins  could  refer  to  scurvy  and  rickets  as  ‘diseases  in 
which  for  long  years  we  have  had  knowledge  of  a  dietetic  factor’  He 
realized,  moreover,  that  the  errors  in  the  diet  ‘although  still  obscure’ 
were  certainly  of  the  kind  which  comprises  the  minimal  qualitative 
factors.  In  1912  Funk,  then  working  on  the  anti-beri-beri  factor 
propounded  his_  vitamine’  theory-i.e.  he  postulated  the  existence 
?itSe?  antiscurvy,  antirickets,  and  antipellagra 

In  the  meantime  experiments  had  been  in  progress  attacking  the 
p  em  from  an  entirely  different  angle— investigating  not  deficiency 
diseases  as  such  but  determining  what  constituted  a  physiologically 
complete  diet.  Lunin,  a  pupil  of  the  Swiss  biochemist  Bunge,  first 
showed  m  1881  that  animals  failed  to  thrive  when  kept  on  an  artificial 
repmen  comprising  the  then  known  constituents  of  food,  i.e.  re-purified 
lat,  protein,  carbohydrate,  mineral  salts,  and  water.  He  concluded  that 
a  natural  food  such  as  milk  must  therefore  contain  besides  these  known 
principal  ingredients  small  quantities  of  other  and  unknown  substances 
essential  to  life’.  Similar  conclusions  were  reached  by  various  other 
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workers,  of  whom  the  most  notable  were  Socin  0891)  and  Stepp  fl909)- 

^1896),  Hauser- 

LSh  Dutch  physiologist  Pekelharing 

published  in  190o  the  statement— generally  overlooked  at  the  time- 
that  the  unknown  substances  must  be  effective  in  very  minute  amounts, 
or  he  had  found  that  quite  small  supplements  of  natural  foods  added 
to  the  artificial  synthetic  ration  were  sufficient  to  afford  protection.  An 
independent  and  more  detailed  study  by  Hopkins  (1912)  had  as  its 
principal  conclusions;  (i)  that  an  insignificantly  small  addition  of  milk 
would  suffice  to  render  the  purified  diet  adequate;  and  (ii)  that  the 
anirnals  ceased  to  grow  while  still  eating  sufficient  m  qmntitv  to  support 
good  growth.  ' 


_  The  year  1912  may  be  said  to  mark  the  beginning  of  modern  intens- 
ive  work  on  vitamins.  Hopkins’  celebrated  paper  and  Funk’s  review, 
published  a  few  months  earlier,  for  the  first  time  attracted  world-wide 
attention  to  the  vitamin  question  .  For  a  few  years  longer  nevertheless 
the  existence  of  vitamins  was  still  disputed. 

In  1929  the  importance  of  the  pioneer  experiments  of  Eijkman  and  of 
Hopkins  was  recognized  by  the  award  to  them  jointly  of  the  Nobel 
Prize  for  Medicine. 


3.-CLASSIFICATION  AND  ENUMERATION 

(1)— Separation  of  ‘Fat-Soluble’  and  ‘Water-Soluble’  Factors 

indication  of  the  multiplicity  of  vitamins  came  in  1915  ‘Fat-soluble 
wJien ^McCollum  and  Davis  in  America  showed  that,  with  the  rat  as  an  ^^d'water- 

experimental  animal,  at  least  two  accessory  factors  were  needed  for 
growth.  One  was  present  in  fatty  and  the  other  in  non-fatty  foods. 

These  were  named  respectively  ‘fat-soluble  A’  and  ‘water-soluble  B’. 


(2) — Growth  of  the  Vitamin  Alphabet 

Before  long  it  became  recognized  that  what  was  called  ‘water-soluble  Vitamin  B 
B’  had  the  properties  of  the  antineuritic  (anti-beri-beri)  ‘vitamine’.  To 
avoid  confusion  the  two  systems  of  nomenclature  were  combined.  At 
the  suggestion  of  J.  C.  Drummond  ‘water-soluble  B’  was  re-named 
vitamin  B,  the  terminal  c  of  the  word  vitamine  being  omitted  to  avoid 
any  unwarranted  implication  that  it  was  of  the  chemical  nature  of  an 
anune.  Similarly  ‘faPsoluble  A’  was  renamed  ‘vitamin  A’.  The  most  Vitamin  A 
noticeable  effects  of  its  deficiency  were  found  to  include  loss  of  growth, 
xerophthalmia,  and  increased  liability  to  infection,  especially  of  the 
respiratory  system.  It  soon  became  apparent  that  the  antiscurvy  factor  Vitamin  c 
had  quite  different  chemical  properties  from  either  ‘vitamin  B’  or 
‘vitamin  A’.  It  was  accordingly  given  the  next  letter  in  the  alphabet 
and  became  vitamin  C.  A  little  later  it  was  proved  conclusively  that  Vitamin  D 
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experimeatal  rickets  in  dogs  was  due  to  the  absence  of  a  fat-soluble 
vitamin  (Mellanby,  1918).  At  first  it  was  thought,  to  be  identical 
with  vitamin  A;  but,  later,  differences  in  distribution  and  chemical 
properties  were  established  (McCollum,  Simmonds,  Becker,  and  Shipley, 
Vitamin  E  1922)  and  it  was  accordingly  named  vitamin  D.  A  new  factor,  vitamin 
E,  needed  to  ensure  normal  reproduction  in  the  rat,  was  discovered 
by  Evans  and  Bishop  in  California  in  1923.  Confirmatory  evidence  was 
obtained  independently  and  almost  simultaneously  by  Sure  and  by 
Mattill,  also  in  America. 

Vitamin  In  1926  Goldberger  proved,  as  Funk  had  predicted,  that  pellagra  was 
5”’  caused  by  defiiciency  of  a  vitamin.  He  showed  that  it  had  a  distribution 

similar  to  that  of  the  anti-beri-beri  factor  but  was  more  stable  to  heat. 
Accordingly  ‘vitamin  B’  was  then  split  up  into  vitamin  Bj,  the  anti- 
beri-beri  factor  proper,  plus  the  new  Bj,  or  more  heat-stable  com¬ 
ponent. 

Vitamin  B,.  Vitamin  B2,  thus  defined  as  ‘the  more  heat-stable  part  of  the  “vitamin 
as  a  complex  complex’”,  has  proved  in  turn  to  be  itself  complex.  The  first  com¬ 
ponent  to  be  characterized  was  riboflavin  (Kuhn,  Gyorgy,  and  Wagner- 
Jauregg,  1933),  and  the  second  ‘vitamin  Bg  (Gyorgy,  1934).  In  1935 
Birch,  Gyorgy,  and  Harris  showed  that  the  pellagra-preventing  factor 
proper  was  a  third  component,  distinct  from  both  lactoflavin  or 
mcotinic  acid  vitamin  Bg.  This  ‘P-P’  vitamin  has  recently  been  identified  with  nico¬ 
tinic  acid.  It  is  not  yet  known  if  deficiencies  of  vitamin  Bj  and  lacto¬ 
flavin  occur  in  man. 

American  In  the  United  States  of  America  the  terms  ‘vitamin  B’  and  ‘vitamin 
G  are  sometimes  used  in  the  sense  in  which  vitamin  B^  and  vitamin 
B2  are  used  elsewhere. 


(3) — ^List  of  the  Better-Known  Vitamins 

Comtitution  During  the  last  decade  (1928-38)  the  chemical  constitutions  of  the 
ana  synthesis  better-known  vitamins  (including  A,  B^,  C,  D,  and  E)  have  been 
established;  they  have  been  isolated  in  a  state  of  purity;  and  several 
of  them  (including  A,  Bj,  C,  and  E)  have  been  synthesized  in  the 
m^s^aid  ^^Boratory.  Vitamin  A  (C20H29OH)  is  chemically  related  to  the  naturally 
empirical  occurring  hydrocarbon  ^-carotene  (C^qHjj)  which  shares  its  biological 

formulae  activity.  Vitamin  B^  (CiaHi.N.OS)  has  been  given  the  name  of  aneurin 

,  (or  thiamin  in  U.S.A.).  Vitamin  C,  ascorbic  acid  (or  cevitamic  acid  in 

U.S.A.)  is  CgHjOe.  There  are  several  forms  of  vitamin  D,  the  most 
important  being  calciferol  or  ‘vitamin  D^’  (C2SH43OH)  and  ‘vitamin 
Dg’  (C2,H420H).  Vitamin  E,  a-tocopherol,  has  the  formula  G29H50O2; 
there  is  also  a  ^-tocopherol  which  has  similar  biological  activity  (for 
rats). 

Summaries  Further  information  about  these  factors,  and  about  lactoflavin  and 
vitamin  Bg  (the  human  relations  of  which  are  less  clear),  is  given  in 
Tables  I  and  II. 


TABLE  I. — List  of  Better-Known  Vitamins 
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TABLE  II.— Sources  of  Better-Known  Vitamins 

,  ^  Principal  Sources  (with  Approximate 

ActiyitYj*  I.U.  or  mgm.  per  100  grams) 


Vitamiii  A 


D 


Bi 


P-P 


Riboflavin 


Vitamin  C 


Halibut-liver  oil 

3,000,000-15,000,001 

Cod-liver  oil 

50,000-200,000 

Liver,  calf 

50,000-150,000 

Butter 

2,000-3,000 

Red-palm  oil 

50,000-200,000 

Spinach 

3,000-10,000 

Carrot 

2,000-6,000 

Tuna-liver  oil 

2,000,000-6,000,000 

Halibut-liver  oil 

100,000-300,000 

Cod-liver  oil 

10,000-30,000 

Herring-body  oil 

10,000-20,000 

Cacao-shell  oil 

30,000 

Egg  yolk 

200-400 

Butter 

10-100 

Wheat-germ  oil 

.. 

Rice-germ  oil 

Cotton-seed  oil 

Green  leaves 

Dried  brewers’  yeast 

1,000-2,000  I.U 

Barley  germ 

1,500 

Wheat  germ 

500-1,000 

Rice  bran 

500 

Oatmeal 

300 

Wheat,  whole  grain 

100-200 

Wholemeal  bread 

*  100 

Peas 

100 

Haricot  beans 

100 

Egg  yolk 

100 

Veast 

Liver 

Wheat  germ 

Salmon 

Egg  yolk 

Fish  muscle 

Cereals 

Molasses 

Veast 

Kidney 

Liver 

Egg  white 

Milk 

Black  currants 

200  mgm. 

Paprika 

200 

Orange-juice 

50-70 

Lemon-juice 

40-60 

Cabbage 

30-60 

Spinach 

30-60 

Tomato-juice 

20-30 

-  Activities  vary  considerably  from  specimen  to  specimen,  and  these  figures  should  be 
taken  merely  as  lepresentative  of  an  average  range  of  values.  Individual  samples  may  be 
considerably  higher  or  lower — seeFixsen  and  Roscoe  (1938). 
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4 -WATER»SOLUBLE  VITANIINS 

(1) — ^VitaniiH  mi  Beri-Beri 

ia)  VItamm~Bi  Deficiency 

1602.]  In  man.  as  in  experimental  animals,  beri-beri  (see  VoL  If,  p.  314)  Identity  of  ^ 
results  from  the  consumptio'ii  of  a  diet  deficient  in  vitamin  — e.g.  a 
regimen  of  polished  rice,  or  the  too  exclusive  use  of  white  bread.  The  beri-beri 
principal  features  include  loss  of  appetite,  marasmus,  cardiac  abnorm¬ 
alities,  paresis  or  paralysis,  and  sometimes  oedema;  the  characteristic 
lesion  is  a  demyelination  of  peripheral  nerves,  the  so-called  polyneuriiis. 

Any  lingering  doubt  about  the  identity  of  clinical  beri-beri  with  Cure  with  ^ 
avitaminosis  must  now  be  set  at  rest  since  it  has  recently  been 

repeatedly  demonstrated  that  a  spectacular  cure  follow^s  treatment 
with  massive  doses  of  the  pure  crystalline  vitamin  (see,  for  example, 

Hermano  and  Eubanas,  1935;  Platt  and  Lu,  1936;  Hawes  et  u/.,  1937; 

Hashimoto,  1937;  Yudkm,  1938).  In  severe  cases,  or  in  Tuiminating’ 
beri-beri  with  cardiac  failure,  doses  of  as  much  as  3,000  units  are 
given,  by  injection. 

Beri-beri  is  still  very  prevalent  in  the  East  Indian  Archipelago  and  in  Prevalence 
parts  of  Japan,  China,  and  South  India.  For  example,  in  Japan  10,000 
to  20,000  deaths  yearly  w^ere  recorded  during  the  period  1928-32. 

The  daily  requirement  for  vitamin  for  an  adult  is  probably  some-  Bi  reqmre- 
wEere  between  300  LU. — ^described  as  the  ‘physiological  minimum’, 
and  600  I.U. — the  ‘desirable  intake’  (Baker,  Wright,  and  Drummond, 

1937).  Relatively  more  is  needed  by  pregnant  and  lactating  females, 
and  also  by  infants  and  growing  children  and  those  doing  severe 
physical  exercise. 

In  North  America  a  series  of  carefully  controlled  dietary  experiments  Hypovitamln- 
suggests  that  a  partial  deficiency  of  the  vitamin  (hypovitaminosis)  may 
be  not  uncommon  even  under  Western  conditions.  The  symptoms  are 
somewhat  vague  but  include  diminished  appetite,  subnormal  gains  in 
w^eight,  and  sometimes  hypotonicity  of  the  gastro-intestinal  tract  and 
constipation.  The  indication  of  a  deficiency  is  generally  furnished  by 
the  improved  rate  of  growth  seen  when  extra  vitamin  B^  is  given,  e.g.  in 
the  form  of  wheat  germ  or  preparations  of  wholemeal  cereals. 

An  important  advance  in  the  past  few  years  has  been  the  recognition 
that  polyneuritis,  or  other  symptoms  of  avitaminosis  B^,  may  not 
uncommonly  be  caused  by  a  ‘conditioned  deficiency’  due,  that  is,  to  Conditioned 
a  faulty  absorption  of  the  vitamin  (as  with  a  gastro-intestinal  obstruc-  deficiency^ 
tion)  or  to  loss  of  appetite.  Alcoholic  polyneuritis  and  polyneuritis  in 
pregnancy  are  examples.  Opinion  at  present  is  rather  divided  on  the 
question  whether  certain  other  types  of  neuritis  may  respond  to  large 
doses  of  vitamin  B^  (see  Vorhaus,  Williams,  and  Waterman,  1935),  but 
there  is  growing  evidence  that  a  number  of  obscure  cardiac  disorders* 
may  be  related  to  deficiency  of  the  vitamin  (Weiss  and  Wilkins,  1936; 

Abt,  1935). 
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Tests  on  urine  have  been  introduced  to  determine  the  level  of  nutrition 
of  the  human  subject  with  regard  to  vitamin  Bj,  and  hence  to  diagnose 
the  presence  or  absence  of  a  state  of  deficiency  (Harris  and  Leong, 
1937;  Harris,  Leong,  and  Ungley,  1938;  Wang  and  Harris,  1939).^ 

In  beri-beri  or  in  nutritional  polyneuritis  treatment  is  best  e (lee ted 
by  crystalline  vitamin  Bi  or  at  least  a  highly  potent  concentrate;  a 
nourishing  mixed  diet  is  also  provided  to  rectify  any  other  concurrent 
errors.  When  it  is  desirable  to  increase  the  intake  of  vitamin  as  a 
general  prophylactic  measure,  this  can  readily  be  done  by  the  addition 
of  wheat  germ  or  by  the  substitution  of  wholemeal  for  white  bread. 
In  the  East  parboiled  or  unpolished  rice  should  be  substituted  for 
polished  rice;  or  peas,  beans,  or  lentils  may  be  provided.  Tiki-tiki 
(extract  of  rice  polishings)  and  dried  yeast  have  also  been  used  success¬ 
fully.  Certain  yeast-extracts  are  relatively  inactive. 


(b)  Properties  of  Vitamin  Bi 

Thirty  years  of  intensive  effort  by  investigators  all  over  the  world 
preceded  the  eventual  isolation  of  crystalline  vitamin  Bi  by  Jansen  and 
Donath  in  1926,  A  distinctive  feature  from  the  chemical  standpoint  is 
the  presence  of  sulphur  in  the  molecule  (Windaus  et  ah,  1932).  A  struc¬ 
tural  detail' proved  by  synthesis  and  especially  worthy  of  note  is  the 
peculiar  thiazole  ring  system,  linked  with  a  substituted  pyrimidine 
ring  (Williams  and  Cline,  1936;  Andersag  and  Westphal,  1937;  Todc 
and  Bergel,  1937). 

Vitamin  Bi  is  a  base,  forming  salts,  e.g.  the  chloride-hydrochlorid< 
shown  in  the  structural  formula  below.  The  fact  that  it  is  fairb 
readily  destroyed  by  heat  explains  why  it  is  absent  from  certain  cannec 
products  or  sterilized  foods.  It  is  easily  soluble  in  water  and  alcoho 
but  notin  fat  solvents.  It  can  be  adsorbed  on  fullers’  earth  and  certaii 
other  substances:  the  ‘pulvis  vitamin!  Bi’  of  the  British  Pharmacopoeii 
is  such  an  adsorbed  preparation,  supplying  100  units  per  gram,  its  im 
in  clinical  practice  is  now  being  largely  superseded  by  the  pure  crystallim 
vitamin. 


N=  C — NH2,HC1 
Me  ~  C  C  —  CH2 - n' 


N - CH 


Me 

I 

C=  C.CH2.CH2.OH 


CH — S 


Cl 


Chloride-hydrochloride  of  vitamin 


Vitamin  B^  is  widely  distributed,  but  in  moderate  amounts  only,  i 
most  natural  foods.  The  best  sources  include  wheat  germ,  wholemea 
cereals,  dried  yeast,  and  pulses.  White  bread  contains  negligibl 
amounts,  but  it  is  present  in  wholemeal  bread  or  in  ‘germ  bread’.  Th 
classical  methods  of  assaying  for  vitamin  were  by  the  cure  of  pol^ 
neuritis  in  pigeons  or  by  growth-tests  on  rats;  more  recently  an  electrc 
cardiological  method  has  been  introduced  and  chemical  procedures  at 
now  being  worked  out. 
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(c)  Physiological  Action  of  Vitamin  Bi 
It  is  now  known  that  vitamin  B,  is  concerned  in  the  intermediate  Relation  to 
metabolism  of  carbohydrate.  In  animals  or  humans  suflFering  from  a 
deficiency  of  the  vitamin,  excessive  amounts  of  lactic  and  pyruvic  acids 
accumulate  in  the  blood  and  tissues.  Administration  of  vitamin 
rectifies  this  metabolic  error  by  accelerating  the  removal  of  these  sub¬ 
stances.  In  fact  it  has  recently  been  proved  by  Lohmann  and  Schuster 
(1937)  that  a  pyrophosphate  ester  of  vitamin  B^  functions  as  the  co¬ 
enzyme  needed  by  the  enzyme  carboxylase.  (Carboxylase  is  an  enzyme 
concerned  in  the  break-down  of  pyruvic  acid  in  the  intermediate  meta¬ 
bolism  of  carbohydrates.)  Peters  (1936)  had  previously  shown  that 
vitamin  B^  in  vitro  can  restore  the  lost  oxidative  activity  to  avitaminous 
tissues  respiring  in  the  presence  of  pyruvic  or  lactic  acids. 

(2) — ^Vitamin  Ba  Complex  and  the  Pellagra-Preventing  (P-P)  Factor 

1603.]  At  one  time  pellagra  was  commonly  spoken  of  as  being  caused 
by  a  deficiency  of  vitamin  B.,.  As  mentioned  on  page  574,  it  is  now 
recognized  that  vitamin  B.j  is  a  complex  consisting  of  several  different 
vitamins,  of  which  the  pellagra-preventing  (P-P)  factor,  nicotinic  acid, 
is  but  one  constituent. 

{a)  Pellagra  in  Man  and  Experimenlal  Animals 
Pellagra  in  man  is  associated  with  subsistence  on  a  one-sided  diet —  PdUigra  nmi 
generally  one  that  is  composed  principally  of  highly  milled  maize, 
e.g.  in  the  ‘three  Ms’  of  the  southern  states  of  the  U.S.A.,  maize, 
molasses,  and  meat  (salt  pork).  The  consumption  of  maize,  however, 
is  by  no  means  a  necessary  condition  for  its  production,  a.s  is  shown 
by  its  incidence  in  certain  institutions  for  the  insane  and  in  other 
places  where  maize  is  iu)t  included  in  the  dietary.  In  this  connexion 
too  the  fact  that  pellagra  may  occur  as  a  ‘conditioned  deficiency’  (see 
p.  577)  in  alcoholic  addiction  and  other  disorders  should  be  borne 
in  mind.  The  view  that  a  toxin  present  in  deteriorated  maize  causes 
the  disease  docs  not  seem  in  conformity  with  the  observation  that 
experimental  pellagra,  whether  in  man,  dogs,  monkeys,  or  pigs,  can 
be  produced  by  diets  not  necessarily  containing  any  maize  and  can  be 
as  abruptly  and  dramatically  cured  by  administration  of  the  appro¬ 
priate  vitamin  i.e.  nicotinic  acid. 

The  principal  centres  of  endemicity  of  human  pellagra  are  in  the  Prcvalmce 
southern  states  of  the  U.S.A.,  Egypt,  Italy,  and  the  Balkan  States. 

In  the  Mississippi  basin  and  neighbouring  districts  170,000  cases  arc 
reported  to  have  occurred  in  1917  and  120,000  in  1927;  according  to 
olficial  returns  the  number  ol'  deaths  in  the  United  Stales  was  more 
than  10,000  in  1915,  or  7,000  in  each  of  the  years  1928,  1929,  and  1930. 

In  Rumania  75,000  cases  occurred  in  1920,  and  in  Italy  34,000  in  1910. 

'flic  disease  in  Europe  is  much  less  severe  than  that  in  America  and  Clinical 
the  mortality  rale  far  lower.  As  the  pellagra-producing  diet  has  been  P“"■tlL■^enst 
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described  as  ‘the  three  Ms\  so  the  most  characteristic  aspects  of  the 
clinical  picture  have  been  named  ‘the  three  Ds’— diarrhoea,  dermatitis, 
and  dementia.  The  dermatitis,  with  its  symmetrical  distribution  on  the 
hands,  the  forearm,  and  the  face,  is  the  most  diagnostic  feature.  (F’cr 
clinical  picture  see  Pellagra,  Vol.  IX,  p.  473.) 

(b)  Dietary  Origin  of  Pellagra 

Proof  that  pellagra  was  not  conveyed  by  infection  but  was  a  deficiency 
disease  was  first  furnished  by  Goldberger  and  his  co-workers  (1914  and 
1915),  who  in  the  first  place  pointed  out  that  those  who  fell  victims  to 
the  disease  were  existing  on  a  poorer  diet  than  those  in  the  same  com¬ 
munity  who  escaped,  e.g.  the  doctors  and  nurses  in  hospital.  Secondly, 
he  was  able  invariably  to  cure,  prevent,  or  produce  pellagra  experi¬ 
mentally  in  human  subjects  by  dietary  changes.  All  attempts  to  convey 
the  disease  by  inoculation  with  extracts  of  blood,  nasopharyngeal  dis¬ 
charges,  faeces,  urine,  or  desquamating  epithelium  failed. 

(c)  The  Pellagra-Preventing  Factor 

For  some  years,  about  1916-26,  it  was  believed  that  an  inferiority 
in  the  biological  value  of  the  protein  consumed  was  the  cause  of 
pellagra.  According  to  this  view  pellagra  could  be  regarded  as  due  to 
the  deficiency  of  some  essential  amino-acid,  perhaps  tryptophane.  Dis¬ 
proof  came  when  Voegtlin  in  1920  cured  pellagra  with  protein-free 
and  aiiiino-nitrogen-free  extracts.  These  extracts,  as  Voegtlin  showed, 
were  often  rich  in  ‘vitamin  B’,  as  measured  by  growth-tests  on  rats. 
Nevertheless,  certain  more  highly  purified  concentrates  of  the  anti- 
neuritic  vitamin  were  not  necessarily  effective.  In  other  words  the 
anti-pellagra  factor  seemed  to  be  something  in  the  crude  vitamin  B 
other  than  the  part  now  called  Bj.  Goldberger  in  1926  gave  conclusive 
proof  of  this  distinction;  he  showed  that  the  pellagra-preventing  factor 
differed  from  the  antineuritic  in  at  least  three  respects,  (i)  distribution, 
(ii)  heat  stability,  and  (iii)  solubility. 

This  advance  was  made  possible  by  the  discovery  by  Goldberger  of: 
an  experimental  condition  in  dogs,  black-tongue,  analogous  with  human 
pellagra.  Since  then  pellagra  has  been  produced  in  monkeys  (Harris, 
1937,  c;  1938)  and  in  pigs  (Birch,  Chick,  and  Martin,  1937;  Chick  ei 
al,  1938).  The  disease  in  these  animals  is  prevented  by  the  same  means 
as  human  pellagra.  Rats,  on  the  other  hand,  do  not  develop  symptoms 
of  disease  when  kept  on  a  diet  which  will  give  rise  to  pellagra  in  man, 
dogs,  monkeys,  or  pigs.  A  condition  accepted  by  Goldberger  as  being 
hat  pellagra’  has  since  been  shown  to  be  of  a  different  nature. 

As  already  mentioned,  Birch,  Gyorgy,  and  Harris  in  1935  characterizec 
the  P-P  factor  as  a  third  component  of  the  vitamin  complex  (the 
heat-stable  part  of  vitamin  B)  different  both  from  this  ‘rat  pellagra 
factor  and  from  riboflavin  (see  p.  574).  In  1937  Elvehjem  and  hh 
collaborators  tested  nicotinic  acid,  a  substance  already  known  to  have 
a  function  in  at  least  two  intracellular  respiratory  enzyme  systems 
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upon  dogs  with  pellagra  (black-tongue)  and  found  it  to  be  active. 

Very  soon  afterwards  nicotinic  acid  was  tried  in  liunian.  pellagra 
by  three  different  groups  of  investigators  and  at  once  met  with  un¬ 
qualified  success.  Nicotinic  acid  has  the  simple  constitution  of 
pyridinecarboxylic  acid.  The  acid  amide  (a  torm  in  which  it  occuis  off^ucotinic 
in  nature)  is  also  effective;  but  many  other  related  substances  are 
inactive. 


Nicotinic  acid  Nicotinamide 


A  suitable  curative  dose  seems  to  be  about  5()()  mgm.  per  day  given  Dosage 
either  orally  or  by  injection.  An  improvement  is  generally  visible  within 
twenty-four  hours,  and  after  a  day  or  two  any  abnormal  excretion  of 
porphyrin  disappears  from  the  urine.  As  the  patient  is  likely  to  be 
suffering  from  other  concurrent  dehciencies,  the  need  for  a  well 
balanced  nourishing  diet  deserves  to  be  emphasized.  If  adequate  Prophylaxis 
amounts  of  protein  foods  (meat,  fish,  milk,  or  cheese)  together  with 
fresh  fruit  or  vegetables  are  included  in  the  diet,  pellagra  does  not 
occur.  The  problem  is  generally  an  economic  one. 

As  shown  by  (  loldbergcr,  most  protein  foods  are  good  sources  of  the  Dismlmtim^^ 
P-P  factor.  Ycasl,  IVcsli  or  canned  salmon,  and  certain  liver  extracts  are 
particularly  polenl.  P.gg  white  is  probably  inactive  although  it  contains 
abundant  ribollavin. 

(i)  Other  Components  of  Complex 
The  exact  chemical  nature  ol'  vitamin  (adermin,  rat-pellagra  factor)  Vitamin 
is  not  yet  certain  but  it  has  been  isolated  and  its  hydrochloride  has 
the  empirical  formula  C'hI l.oO.jNCl.  Riboflavin  (or  lactoilavin)  is  an  RihoJUivin 
alloxazine  derivative  with  the  following  structure: 
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Nothing  is  known  with  cerlaifUy  about  the  occurrence  of  a  deficiency  Possible 
of  these  two  substances  in  man;  hut  it  has  been  suggested  that  some 
obscure  tropical  dermatoses  may  he  related  to  tliem,  and  a  Uial  would  yUamin  lh\ 
certainly  be  worth  while  in  such  conditions.  Ciyi)rgy  suggested  that 
acrodynia  (pink  disease,  SwifVs  disease,  sec  Vol.  IX,  p.  603)  may  be 
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a  symptom  of  lack  of  vitamin  Bj.;  but  here  again  fuithti  woik  is 
necessary.  It  may  be  noted  that  in  rats  deficiency  of  vitamin  Bjj  takes 
the  form  of  a  symiTietrical  dermatitis,  attacking  particularly  the  ex¬ 
tremities  (fore  and  hind  paws,  ears,  and  nose).  Riboflavin  is  needed 
by  rats  and  by  dogs,  a  deficiency  producing  in  the  former  an  atypical 
dermatitis  and  in  the  latter  a  condition  known  as  yellow-livei  (Sebiell 
and  co-workers,  1937).  There  is  no  doubt  that  it  plays  an  important 
part  as  a  respiratory  enzyme  in  the  mammalian  organism.  Bxpeii- 
mentally  in  man  a  deficiency  is  said  to  give  rise  to  cheilosis  (lesions  on 
the  lips  and  in  the  angles  of  the  mouth)  (Sebrell  and  Butler). 

The  extrinsic  factor  of  Strauss  and  Castle  has  a  distribution  and  a 
stability  to  heat  resembling  that  of  the  vitamin  B2  complex.  It  is,  how¬ 
ever,  distinct  from  riboflavin,  vitamin  Bg,  or  the  P-P  factor  (Birch, 
Gyorgy,  and  Harris,  1935). 

(3)— Vitamin  C  and  Scurvy 

(a)  Scurvy:  Avitaminosis  C 

1604]  Since  the  seventeenth  century  it  has  been  known  that  scurvy, 
typified  by  its  characteristic  haemorrhages,  inflamed  gums,  and  loose 
teeth,  arose  from  the  use  of  a  diet  devoid  of  fresh  foods  and  that  it 
could  be  cured  by  raw  fruits  or  greenstuffs.  Early  records  show  that  the 
disease  was  prevalent  not  only  among  seamen  and  armies  in  the  field 
but  among  whole  populations  in  northern  latitudes,  especially  during 
the  winter  and  spring  months.  By  the  nineteenth  century  scurvy  was 
eradicated  from  the  Navy  and  the  Mercantile  Marine  by  the  provision 
of  fruit  juice. 

The  proof  that  scurvy  had  its  origin  in  the  deficiency  of  a  specific 
vitamin  and  was  not  due  (as  had  been  supposed)  to  a  bacterial  i  nfection, 
acidosis,  or  constipation,  depended  on  the  production  of  the  disease 
experimentally  in  guinea-pigs  (Holst  and  Frolich,  1907  and  1912). 
Experimental  scurvy  has  been  described  also  in  monkeys;  but  it  is  of 
interest  to  note  that  dogs,  rats,  fowls,  oxen,  pigs,  and  so  far  as  is 
known  all  other  species  are  able  to  synthesize  the  vitamin  in  the  body 
and  so  can  dispense  with  it  from  their  diet. 

Scurvy  is  still  endemic  in  a  number  of  regions,  e.g.  in  the  Arctic  and 
among  mine-workers  in  South  Africa.  During  the  War  lOM-'lS  out¬ 
breaks  on  a  smaller  or  larger  scale  occurred  among  the  civilians  in 
every  one  of  the  belligerent  countries  (including  the  United  States  and 
Great  Britain),  and  among  the  troops  at  the  various  fronts  there  were 
many  thousands  of  cases.  To-day,  in  the  temperate  zones,  only  isolated 
instances  of  the  definite  avitaminosis  can  be  expected,  however  prevalent 
a  partial  deficiency,  or  hypovitaminosis,  may  be.  But  the  diagnosis 
of  scurvy  is  still  often  naissed,  because  it  is  not  looked  for.  A  not- 
uncommon  cause  of  the  disorder,  as  mentioned  below  (p.  586),  is  a 
restricted  diet  given  as  a  result  of  medical  treatment. 

The  onset  of  scurvy  is  insidious;  the  picture  first  is  one  of  general 
weakness,  including  pallor,  breathlessness,  sunken  eyes,  ahd  a  gradual 
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impairment  of  appetite  and  digestion.  The  temperamental  effects  were 
described  by  Lind  (1757)  as  simulating  ‘sloth  and  laziness’.  Later  there 
may  be  pain  in  the  limbs.  The  two  most  characteristic  symptoms,  which 
take  at  least  four  months  to  develop  on  a  scurvy-producing  diet,  are 
(i)  swelling  of  the  gums  and  (ii)  multiple  haemorrhages;  there  is  also 
(iii)  a  secondary  anaemia. 

In  well  developed  cases  in  which  the  haemorrhagic  lesions  are  Diagnosis 
prominent  the  diagnosis  is  usually  straightforward,  and  in  doubtful 
cases,  e.g.  in  which  a  differential  diagnosis  from  other  purpuric  disease 
is  needed,  a  knowledge  of  the  past  diet  and  the  rapid  improvement 
when  treatment  with  vitamin  C  is  started  often  settles  the  question. 
Conclusive  proof  of  a  scorbutic  state  can  be  obtained  from  a  chemical 
examination  of  the  urine  (see  p.  584). 

Scurvy  in  infants  was  long  given  the  misnomer  scurvy-rickets,  and 
it  was  not  until  188.1  that  the  error  was  pointed  out  by  Barlow— hence  ‘ 
the  additional  synonym  Barlow’s  disease.  I  here  is  no  lack  ot  statistics, 
dating  from  the  end  of  last  century,  emphasizing  its  correlation  with 
the  use  of  sterilized  or  proprietary  foods.  As  pointed  out  by  Harris 
and  Ray  (1935),  specimens  even  of  fresh  cows’  milk  have  only  one-third 
or  one-quarter  of  the  antiscorbutic  activity  of  human  milk,  and  by  the 
time  they  have  been  pasteurized,  left  standing,  and  again  heated,  little 
even  of  this  may  be  left.  l*'or  more  than  a  decade  it  has  been  the 
orthodox  teaching  that  the  bottle  should  be  supplemented  with  orange 
juice;  but  it  is  surprising  how  many  mothers  do  not  think  it  necessary 
to  follow  the  advice  ol  the  wellarc  ccntie  on  this  point. 

Diagnosis  in  acute  infantile  scurvy  may  be  based  on;  (i)  tenderness 
in  the  lower  limbs,  (ii)  subperiosteal  haemorrhage  with  swelling  near  ’injiifitije 
the  lower  end  of  the  femur,  (iii)  radiokigical  appearance  of  the  long  scurvy 
bone  showing  cessation  of  osteogenesis  (Bromcr,  1928),  (iv)  chemical^ 
analysis  of  urine  in  saturation  tests  (see  p.  584),  and  (v)  knowledge  ol 
past'dict  and  rapidity  of  cure  with  vitamin  C.  The  period  of  develop¬ 
ment  is  about  eight  months,  tind  most  cases  are  seen  between  the  ages 
of  6  and  18  months.  The  clinical  picture,  both  in  adult  and  inlantilc 
scurvy,  is  discussed  more  fully  under  the  title  SctiRVY  (sec  Vol.  XI, 


p.  49).  .  ... 

The  treatment  fur  scurvy  is  a  diet  enriched  with  vitamin  C,  either  in  mum  C 

the  Ibrm  of  orange  juice,  or  preferably  large  dtiscs  ol  ascorbic  acid. 

L'oi  an  adult  700  mgm.  per  day  of  the  crystalline  material  may  be 

given  and  for  an  infant  20  to  40  mgm.  has  been  found  adequate.  An 

improvement  can  generally  be  detected  in  24  to  48  hours  and  the 

cure  may  be  complete  within  about  2  to  3  weeks,  For  prophylaxis  Propkvla.m 

an  orange  each  day,  or  its  equivalent,  is  sufficient  lor  an  adult.  An 

infant  receives  about  3t)  to  50  mgm.  of  ascorbic  acid  daily  in  average 

human  milk  (Harris  and  Ray,  1935)  and  this  ligure  gives  a  basis  lor 

calculation  of  normal  needs.  .  _ 

Trcatnienl  with  vitamin  ('  has  been  rccoinincndcu  loi  a  nun  o  absence  oj 
hacmorrhaa.ic  et>nditions  oilier  tlian  sciuvy,  but  Ihcic  is  no  evidence  s(un\ 
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that  it  is  effective.  In  infectious  diseases,  however,  the  need  for  the 
vitamin  is  increased,  and  special  provision  of  it  should  be  made  (cf. 
below  and  p.  585), 

(b)  Vitamin-C  Requiremen^^^  HypovitammosLs  C  and  its 
Detection 

For  many  years  it  has  been  maintained  by  a  number  of  paediatricians 
that  incipient,  latent,  or  subacute  scurvy  in  infants  is  relatively  corniuon 
but  often  escapes  diagnosis  or  is  mistaken  for  rheumatism  (I  less,  1916, 
1920;  Comby,  1921).  A  difficulty  was  that  the  symptoms  were  described 
as  vague:  the  child,  was  sallow  and  fretful  but  not  wasted.  Provision 
of  additional  antiscorbutic  food  was  said  to  lead  to  improved  stamina 
and  growth  and  lessened  irritability.  Similar  suggestions  have  been 
made  about  a  condition  of  sub-scurvy  in  adults  (Stefdnsson,  1918; 
Sherman,  1927;  Abs,  1928),  and  also  in  experimental  animals  (Meyer 
and  McCormick,  1928).  Recently  it  has  become  possible  to  examine 
the  question  on  a  more  qualitative  basis.  This  involves  the  determina¬ 
tion  of  vitamin  requirements  and  tests  of  the  level  of  nutrition. 

The  physiological  minimum  for  an  adult  is  believed  to  be  about 
25  nigni.  of  ascorbic  acid  daily;  this  figure  has  been  arrived  at  in  two 
ways,  (i)  It  is  the  equivalent  of  the  amount  of  lemon  juice  which  had 
been  found  to  be  necessary  to  counteract  incipient  symptoms  of  scurvy, 
according  to  some  old  observation  in  the  Navy,  (ii)  It  is  the  daily  dose 
needed  to  restore  to  normal  and  to  keep  normal  a  diminished  capillary 
resistance,  arising  as  a  result  of  a  shortage  of  vitamin  C  (Gothlin, 
1934).  With  hard  physical  effort  the  need  for  the  vitamin  is  increased 
as  it  is  also  during  pregnancy  and  lactation.  In  fever  again  there  is 
an  increased  demand  (see  Harris,  1937,  a).  Children  probably  require 
about  twice  as  much  as  adults  per  unit  of  body  weight. 

Two  methods  are  available  for  assessing  the  level  of  nutrition  of  the 
subject  with  regard  to  vitamin  C.  The  first  depends  on  a  measurement 
of  capillary  fragility  and  the  second  on  an  analysis  of  urine  or  other 
body  fluids. 

The  capillary-fragility  test,  as  described  by  Gothlin  (1933,  1937)  and 
Dalldorff  (1934)  has  the  disadvantage  that  it  is  only  able  to  detect  a 
fairly  advanced  or  established  state  of  deficiency.  The  further  criticism 
that  an  increased  capillary  fragility  is  not  pathognomonic  for  scurvy 
is  less  cogent,  provided  it  can  be  shown  that  the  patient  has  his  resist¬ 
ance  restored  to  normal  after  treatment  with  vitamin  C.  The  latter 
procedure,  however,  is  not  always  feasible,  and  as  a  Gothlin  test  cannot 
be  repeated  on  the  same  subject  more  often  than  about  once  in  ten 
days,  the  practical  possibilities  of  the  method  are  unfortunately  some¬ 
what  restricted. 

The  urine  (saturation)  test  for  hypovitaminosis  involves  the  measure¬ 
ment  of  the  amount  of  vitamin  C  excreted  in  the  urine  both  before 
and  after  a  series  of  test-doses.  The  greater  the  deficit  in  the  past  intake, 
the  smaller  will  be  the  excretion  and  the  greater  the  number  of  daily 
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test-doses  needed  to  bring  about  a  state  of  saturation,  i.e.  to  give  rise 
to  continuous  large  overflow  into  the  urine.  In  cases  ot  well  developed 
scurvy  no  response  may  be  seen  for  many  days,  until  a  total  of  perhaps 
7  to  14  grams  of  ascorbic  acid  have  been  given  in  the  test-doses.  Inter¬ 
mediate  degrees  of  deficiency  show  intermediate  responses. 

As  to  normal  standards,  it  has  been  found  that  subjects  receiving  the  of 

minimal  optimal  requirement  of  25  mgm.  per  day  referred  to  above 
excrete  at  a  level  of  not  less  than  about  13  mgm.  per  day  (titration  with 
2 :6-dichlorophenolindophenol,  calculated  as  free  ascorbic  acid)  and 
show  good  responses  to  standard  test-doses  (700  mgm.  per  10  stone 
of  body  weight)  generally  on  the  first  and  certainly  on  the  second  day 
of  test.  Hence  it  is  legitimate  to  conclude  that  if  the  response  is  less 
than  this  some  degree  of  subnormality  is  present.  (For  details  ot  these 
quantitative  aspects  and  description  of  technique  sec  Abbasy,  Harris, 

Ray,  and  Marrack,  1935;  Abbasy,  Harris,  and  Hill,  1937;  and  Harris 

and  Abbasv  1937.)  For  any  given  intake  the  excretion  is  decreased  Diminished 

in  infectious  diseases,  notably  so  in  pulmonary  tuberculosis  (Abbasy, 

Harris,  and  Ellman,  1937).  An  estimate  of  the  level  of  nutrition  can 
also  be  gained  from  tests  on  blood  or  cerebrospinal  fluid,  but  the 
procedures  are  less  simple  and  have  not  come  into  such  wide  use  as  Other  tests 
the  urinary  tests. 

Surveys  on  subjects  of  the  voluntary  hospital  class  in  Great  Britain,  Prev^^ 
e.g.  at  Cambridge,  I .ondon,  and  Wolverhampton,  sliow  that  as  many  liilZmosis  C 
as  70  per  cent  of  them  may  be  belovs/  standard  judged  by  the  urinary 
excretion  test  (see  Harris,  Abbasy,  Yudkin,  and  Kelly,  1936,  Dyke, 

1937).  Control  subjects  at  institutions,  schools,  convalescent  homes, 
and  elsewhere,  who  have  received  their  reputed  requirements  ot  the 
vitamin,  have  been  above  standard  and  so  have  professional  and 
middlc“class  people  who  take  Ircsh  Iruit  regularly.  Such  a  high  incidence 
of  subnormality  may  perhaps  be  surprising,  but  it  must  be  recalled 
that,  as  the  surveys  of  Orr  (1936)  have  shown,  more  than  half  the 
population  in  Great  !3ritain  docs  in  tact  receive  less  than  the  leputed 
optimal  allowance  of  vitamin  C.  In  countries  where  the  intake  of 
fresh  fruit  is  more  adcc|iiatc,  the  values  in  the  cxcietion  test  aic  conc- 
spondingly  higher  and  subnormalily  seems  rarer  e.g.  in  Holland, 
among  city  workers  in  Sweden  (liekclen  and  Wolll,  1936;  biiler  and 
Malmberg,  1935),  tind  in  l>alesline.  It  need  not  be  supposed  that  all 
individuals  who  arc  below  standard  necessarily  show  any  clearly 
recognizable  clinical  symptoms  any  more  than  do  women  or  chikhen 
who,  on  laboratory  examination,  arc  lound  to  have  some  degite  ol 
nutritional  anaemia.  But  there  is  reason  to  believe  that,  in  both  instances, 
better  health  results  if  the  ddiciencies  are  made  g,ood. 

In  examining  the  vitamin  reserves  ot  subjects  ol  the  voluntary-hospital  Senny  in 
class,  Harris,  Abbasy,  Yudkin,  and  Kelly  (1936)  were  stiuck  by  the  fact 
that  a  d isj">roport iona le  number  o(  those  lound  to  Ixt  subnoinml  wcic  diets 
sulTercrs  from  gastric  and  diuHlenal  ulcers,  or  patients  kept  for  other 
reasons  on  ‘'g.astric  diets’.  I  hey  emphasized  the  need  ol  supplementing 
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these  diets  with  vitamin  C.  The  absence  of  the  vitamin  constituted  a 
vicious  circle  as  it  was  in  itself  calculated  to  delay  the  healing  process. 
Archer  and  Graham  in  1936  examined  9  patients  with  gastric  and  duo¬ 
denal  ulcer  and  found  6  out  of  the  9  'were  in  the  sub-scurvy  state'. 
Platt  (1936)  recorded  4  cases  of  developed  scurvy  which  had  resulted 

from  the  prolonged  use  of  'gastric  diets'- . -'the  correct  diagnosis  had 

not  been  made  in  any  of  these  cases,  simply  because  it  had  not  been 
considered’.  Other  examples  of  frank  scurvy  caused  apparently  by  the 
use  of  ‘dyspepsia  diets’  have  been  reported  by  six  or  seven  recent 
writers.  (See  also  Peptic  Ulcer,  Vol  IX,  p.  520,  and  Scurvy,  Vol.  XI', 
p.  53-.)  In  many  hospitals  ‘it  is  still  customary  to  give  little  or  no  fresh 
fruit,  the  patient  being  sometimes  left  to  rely  for  fresh  fruit  on  gifts 
brought  in  by  his  friends  and  relatives,  and  it  is  difficult  to  avoid  the 
conclusion  that  there  is  a  real  danger  that  the  diet  may  contain  less 
than  the  reputed  optimum  dose  of  vitamin  C’  (Harris  et  ai,  1936). 

(c)  Properties  of  Vitamin  C 

One  of  the  earliest  systematic  attempts  to  isolate  vitamin  C  was  made 
by  Zilva(1924),  who  succeeded  in  effecting  a  3()0“rold  concentration.  In 
1932  Tillmans  and  Hirsch  at  Frankfurt  noticed  that  the  reputed  anti¬ 
scorbutic  activity  of  a  number  of  natural  prod  ucts  was  roughly  pajiillel 
with  the  presence  of  a  reducing  principle,  which  they  suggested  might 
be  identical  with  the  so-called  hexiironic  acid  previously  isolated  by 
Szent-Gy5rgyi  in  1928  from  adrenal  cortex  and  cabbage.  A  little  later 
King  in  America  announced  the  isolation  of  crystalline  vitamin  C  from 
orange  juice  and  stated  that  it  had  the  properties  of  hexuronic  acid, 
and  almost  simultaneously  Svirbely  and  Szent-GytVrgyi  in  ITungary 
tested  hexuronic  acid  on  guinea-pigs  and  found  it  to  be  active.  This 
identification  was  at  first  disputed,  but  it  could  be  shown  that  there 
was  an  unvarying  correlation  between  hexuronic  acid  and  the  presence 
of  antiscorbutic  properties  (Harris  and  Ray,  1933,  b)  and  all  doubt 
was  set  at  rest  when  soon  afterwards  hexuronic  acid  was  synthesized 
and  shown  to  be  active  (Ault  et  al.);  in  1933  the  more  fitting  name 
ascorbic  acid  was  introduced  (Szent-Gyorgyi  and  Haworth). 

The  biologically  active  form  is  /-ascorbic  acid,  the  structural  formula 
for  which  is  shown  below;  i-ascorbic  acid,  like  a  number  of  other 
related  products,  is  inactive.  /-Ascorbic  acid  is  now  maniihictured  on  a 
large  scale  from  sorbose  and  has  acquired  a  considerable  clinical  use, 

n 


HO  OH 

/-Ascorbic  acid,  vitamin  C 
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being  actually  cheaper  unit  for  unit  than  orange  juice.  From  a  practical 
standpoint,  perhaps  its  most  important  property  is  its  great  mstabili  y 
and  liability  to  destruclion  by  oxidation.  This  inactivation  is  gicat  y  /«  « « 
'accelerated  by  heat  and  alkali  and  by  the  presence  of  copper,  which 
acts  as  a  catalyst.  Under  certain  mild  conditions  of  oxidation  ascorbic 
acid  can  be  reversibly  transformed  to  dchydroascorbic  acid,  which  is 
still  active;  otherwise  the  activity  is  lost  irreversibly.  Unlike  vitamin  B,, 
vitamin  C  cannot  be  adsorbed  on  fullers’  earth  or  charcoal.  It  dis¬ 
solves  readily  in  water  and  methyl  or  ethyl  alcohol  but  not  in  lat- 


The  best  natural  sources  of  the  vitamin  include  the  following  (ligures 
in  brackets  are  typical  ranges  of  values  for  the  ascorbic  acid  content 
in  mgm.  per  100  g.).  Orange  juice  (50  70),  lemon  juice  (40  60),  toinato 

juice  (20 . -30),  pineapple  juice  (30),  and  strawberries  (50  60).  Many 

green  vegetables  arc  higlily  active,  including  fresh  spinach  (.10-60), 

cabbage  (30-60),  fresh  green  peas  (20 . 30),  turnips  (20  40),  and  green 

leaves  generally.  Szent-Gyeirgyi  in  1933  discovered  that  paprika  is 
exceptionally  potent;  and  as  Ollivcr  (1936)  has  shown  the  same  is  true 
of  black  currants  (values  about  200  mgm.  per  lOt)  g.;  cf.  also  papaya,  50  - 
100;  guava,  50-100).  Fresh  meat  contains  appreciable  quantities  ol  tlic 
vitamin.  Most  ageing  and  drying  processes  entail  a  considerable  or 
complete  loss  of  activity.  Canned  fruits  and  vegcUiblcs  vaj'y  considerably 
in  activity,  canned  tomatoes  providing  an  example  of  a  good  anti¬ 
scorbutic  agent.  In  commercial  pastcuri/alion  of  milk  the  presence  ol^ 
copper  in  the  machinery  may  be  responsible  lor  the  destruclion  ol 
the  vitamin.  Vitamin  ('  appears  when  seeds  germinate  (hurst,  1)1„), 
and  this  principle  has  been  pul  lo  practical  use  in  furnishing  a  supply 
of  antiscorbutic  food  on  cxpeditiims  and  eampaigns.  A  iiumbcr  ol 
foods  which  arc  rich  in  vilaniin  B„  including  yeast,  yolk  ol  egg,,  and 
cereals,  are  entirely  devoid  of  vitamin  ('.  For  full  lists  of  ascorbic  acid 
contents  of  foods  sec  Fixsen  and  Koseoc,  1938. 

The  standard  method  of  estimating,  vitamin  ('  in  foodstulls  was  lor  .•l.v.vgr 
a  long  time  that  introduced  l>y  Holst,  namely,  a  determination  of 
the  minimal  dose  needed  to  prevent  typical  sig.iis  ol'  scurvy  iii  g.uinca- 
pigs  A  more  sensitive  melhod  is  based  on  the  microscopical  examina¬ 
tion  of  tooth  strucUire  (Hb,icr,  1924,  19.7.;  Key  and  Flpliick,  1931). 

Tillmans  observed  that  many  active  foodstulls  reduced  the  dyc-stiill 
2 ;  6>-dichloropliciu)liiuiopheiiol  and,  by  the  iiitrodiiclion  ol  a  pie- 
liminary  extraction  process  and  carrying  out  the  titration  lapidly  in 
acid  solution,  Harris  and  Ray  (1933,  a)  made  this  the  basis  for  a  more 
specific  quanlitulivc  method  of  chemical  estimation  (.sec  Birch,  Hams, 
and  Ray,  1933;  Harris.  1937,  b).  ,  ,  .  , 

It  is  supposed  that  the  action  of  vitamin  ( '  must  be  linked  up  in  some 
way  with  its  intense  reducing,  action,  winch  is  associated  with  the"' 
presence  of  the  charaeleristie  eiiolic  grouping.  ('toll)  CtOH)  . 

Fish  and  Harris  (1934)  found  that  cells,  such  as  t.steoblasls,  udonto-^ 
blasts,  and  ameloblasts,  lose  their  normal  fiiiiclion  in  the  absence  of 
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vitamin  C,  and  they  believed  that  the  manifestations  of  scurvy  are  due 
to  a  loss  of  activity  on  the  part  of  the  formative  cells.  Another  hypo¬ 
thesis  propounded  by  Wolbach  and  Howe  (1926)  is  that  vitamin  C 
is  needed  for  the  production  of  intercellular  substances  (see  recent 
discussion  by  Ham.  and  Elliott,  1938). 

One  effect  of  deficiency  of  vitamin  C,  certainly  in  giiinea-pigs,  is  an 
increased  susceptibility  to  infection.  There  is  a  wide-spread  impression 
that  the  same  is  true  of  human  beings.  Opinion  is  still  rather  divided 
as  to  how  fer  vitamin  C  has  an  influence  on  immunity  reactions  (for 
discussion  see  Harris,  1937,  a). 


5 -FAT-SOLUBLE  VITAMINS 

(1) — ^Vitamin  D  and  Kickets 

1605.]  The  clinical  care  of  rickets  is  discussed  fully  under  the  title 
Rickets  (see  VoL  X,  p.  671),  and  the  present  object  is  rather  to 
emphasize  the  main  underlying  theoretical  considerations  and  to 
summarize  some  of  the  more  salient  points. 

{a)  Rickets  and  Allied  Disorders 

As  mentioned  on  page  572  Hopkins  in  1906  alluded  to  rickets  as  a 
disease“in  which  for  long  years  we  have  had  knowledge  of  a  dietetic 
factor’,  and  in  1912  Funk  postulated  that  rickets  was  one  of  the 
‘vitamine’-deficiency  diseases.  Conclusive  proof  of  the  existence  of 
an  antirickets  vitamin  was  first  given  when  Mellanby  (1918)  showed 
that  experimental  rickets  in  dogs  could  be  prevented  by  the  use  of 
certain  fats  in  the  diet,  whereas  others  were  inert.  Soon  afterwards 
followed  the  production  of  rickets  in  rats  (McCollum  et  al.,  1921; 
Sherman  and  Pappenheimer,  1921)  and  the  differentiation  of  the  anti- 
rickets  vitamin,  then  to  be  re-nanied  'vitamin  I)’,  from  vitamin  A 
(McCollum  et  cL,  1922). 

It  has  long  been  recognized  (Palm,  1890)  that  rickets  is  most  prevalent 
in  the  temperate  zone  or  wherever  the  sunlight  is  deficient,  e.g.  in 
humid  climates,  in  smoky  or  overcrowded  industrial  areas,  or  where 
the  rite  of  purdah  is  observed.  The  inlluence  of  sunlight  is  apparent 
also  in  the  seasonal  variation  and  in  the  greater  susceptibility  of  more 
deeply  pigmented  peoples,  the  so-called  ‘racial  factor’.  Not  until  1924 
was  the  explanation  forthcoming  of  this  action  of  the  sunlight— namely, 
that  ultra-violet  rays  falling  on  the  exposed  parts  of  the  body  arc  able 
to  activate  the  pro-vitamin  and  convert  it  into  the  vitamin. 

With  the  growth  of  knowledge  and  the  spread  of  the  infant- welfare 
movement  rickets  is  becoming  less  common,  and  the  very  severe  cases 
once  so  familiar  are  now  comparatively  rare.  But  it  has  been  emphasized 
that  after  the  winter  months  and  in  the  absence  of  preventive  treat¬ 
ment  some  degree  of  rickets  is  almost  inevitable  among  infants  in 
such  climates  as  those  of  Britain  or  many  parts  of  North  America 
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(Gebhart,  1924;  J.  H.  Hess  et  al,  1930).  Such  preventive  treatment  is 
often  neglected  and  recent  surveys,  in  which  the  modern  more  sensitive 
methods  of  diagnosis  have  been  used,  have  in  fact  indicated  that  the 
incidence  of  mild  rickets  is  still  surprisingly  high  (Newman,  1929;  Eliot, 

1925,  1926;  Crawford  and  Williamson,  1930). 

The  underlying  lesion  in  rickets  is  a  deficient  calcification  of  the  bones,  Pathology 
particularly  manifested  in  the  newly-forming  bone  at  the  epiphysis, 
where  the  zone  of  provisional  calcification  is  increased  in  breadth  and 
inadequately  mineralized.  An  irregular  growth  of  the  soft  osteoid 
tissue  follows,  and  a  consequent  swelling  of  the  epiphysial  .i'i'ic- 
tion  (‘rachitic  metaphysis’).  The  bending  of  the  inadequately  calcified 
bones  and  the  overgrowth  of  osteoid  tissue  causes  the  well  recognized 
deformities — bow-legs,  knock-knees,  rachitic  pelvis,  giecn-stick  liac- 
tures,  the  enlargement  of  the  ends  of  the  bones,  and  the  beading  ol 
the  ribs.  (See  also  RiCKins,  Vol.  X,  p.  666,  especially  Plate  X,  facing 
p.  669.) 

The  immediate  cause  of  the  deficient  calcification  of  the  bone  in  rickets  l  ailwgcncsi.s 
is  thought  to  be  the  low  level  of  the  phosphate  in  the  blood,  or  more 
correctly  the  low  Ca  x  P  product  (Iversen  and  Lenstrup,  1919;  Howland 
and  Kramer,  1921,  1922,  1923).  Ultimately  this  chemical  defect  in 
the  blood  is  related  to  an  inadequate  ‘net  absorption’  (sec  p.  591) 
of  the  P  and/or  Ca  from  the  intestine.  A  low  blood  P  (or  Ca  x  P  Diagnosis 
product)  is  characteristic  of  active  rickets.  In  fact  an  analysis  ol  the 
blood,  either  for  P  and  Ca  or  for  blood-phosphatase  (sec  Smith,  1933), 
is  the  only  certain  method  of  detecting  incipient  rickets  or  mild  rickets. 

The  radiographic  abnormalities  at  the  epiphyses  do  not  hccome 
apparent  until  a  later  stage,  but  they  form  the  most  useful  guide  in 

following  the  course  of  healing. 

h'rom  what  has  been  said  it  will  be  clear  that  two  factors  may  be 
concerned  in  the  causation  ol  rickets  --(i)  the  consumption  ol  a  diet 
deficient  in  vitamin  1),  and  (ii)  lack  of  exposure  to  sunlight,  the  ultra¬ 
violet  rays  of  which  are  able  to  generate  the  vitamin  in  the  body.  A 
contributing  factor  may  be  a,  lack  ol  arka|uatc  phos]>houis  oi  calcium 
in  the  diet,  absolute  or  relative,  or  a  low  ‘availability’  of  the  phosphorus 
(as  in  the  organically  combined  lorm  ol  irhospluuais  in  ceieals.  phytin, 
inositol-phosphoric  acid  (sec  Bruce  and  t'alh'w,  193*1).  1'..  Mcllanby 
(1937)  has  suggested  that  cereals  contain  an  anticalcifying  I'actur,  anti¬ 
vitamin,  or  ‘toxamin’.  In  experimental  animals  at  least,  other  conditions 
in  addition  may  intensify  the  severity  of  rickets,  including  an  increased 
alkalinity,  m*  base-acid  I’atio  ol  the  diet,  wlrich  serve  to  diminish  the 
availability  of  the  (’a  and  P. 

It  is  evident  that  if  rickets  is  to  be  prevented,  in  northern  clirnalcs  at  Projihylasis 
least,  the  iiifaiirs  did  should  be  suppleinenled  with  Vilanvin  1).  Inis  frcutmcnt 
may  bo  cither  in  the  torm  of  cod-liver  oil,  belter  lialibut-'Hvcr  oil 
or  calciferol  (crystalline  'vitamin  !);f).  Perhaps  the  most  convenient 
procedure  is  to  employ  au  inianl  lood  (eav  dried-milk  prcpaialion) 
in  which  a  standardized  amount  of  vitamin  1.)  has  been  incori'iorateil. 
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Success  has  also  attended  the  use  of  irradiated  milk,  or^of  helio-  or 
actino-therapy,  bat  these  measures  are  not  generally  so  suitable. 

In  curative  treatment,  halibut-liver  oil  and  calciferol  have  the  advantage 
over  cod-liver  oil  that  they  can  be  tolerated  at  a  more  adequate  level 
of  antirachitic  activity.  T.he  optimal  prophylactic  dose  loi  infants  and 
children  has  been  found  to  be  from  500  to  1,500  I.U.  daily,  and  the 
optimal  curative  dose  about  1,000  to  3,000.  The  minimal  toxic  dose  is 
approximately  10,000  I.U.  daily.  It  is  important  that  the  correct  dosage 
should  be  adhered  to:  the  lower  limit  of  toxicity  is  not  far  lenioved  fiom 
the  optimal  level  for  most  effective  curative  treatment  (see  Harris,  1933). 
It  has  been  known  since  the  last  century,  at  least,  that  rickets  is  often 
associated  with  dental  caries,  and  it  is  now  appreciated  that  vitamin  D, 
by  promoting  the  normal  calcification  of  the  teeth,  aids  them  to  resist 
erosion.  Clinical  trials  have  proved  that  administration  of  vitamin  D 
is  one  of  the  factors  which  can  keep  in  check  the  spread  of  caries 
(M.  Mellanby,  1934). 


(b)  Vitamin  D  for  Mothers 

The  requirement  of  nursing  and  expectant  mothers  for  vitamin  D  is 
increased,  and  an  allowance  of  about  2,000  I.U.  daily  may  be  recom¬ 
mended.  The  need  is  not  so  much  for  any  effect  that  the  vitamin  may 
have  on  the  offspring,  or  on  the  milk,  which  is  small  in  ordinary 
circumstances,  but  in  order  to  increase  the  mother  s  assimilation  of 
calcium  and  phosphate  so  as  to  make  good  that  lost  to  the  foetus  or 
in  the  milk. 


(c)  Infantile  Tetany ^  ^Coeliac  Rickets'*^  Juvenile  Rickets^ 
Osteomalacia^  'Renal  Rickets'' 

Infantile  tetany  is  a  nutritional  disorder,  it  is  seen  in  association  with 
rickets  and  its  direct  cause  is  hypocalcaemia.  it  is  cured  and  prevented 
by  the  same  treatment  as  rickets.  The  view  that  tetany  is  due  to  ‘mal¬ 
function  of  the  parathyroid  gland’,  or  to  ‘intoxication  with  guanidine’, 
certainly  does  not  apply  to  true  infantile  (nutritional)  tetany.  In  fact, 
treatment  by  parathormone,  which  has  sometimes  been  recommended, 
would  seem  to  be  inadvisable  except  as  an  emergency  measure  for  it 
merely  aggravates  the  underlying  metabolic  error,  causing  loss  of 
calcium  from  the  body  by  taking  it  from  the  bones. 

Failure  to  assimilate  fat  in  coeliac  disease  sometimes  leads  to  rickets. 
This  complication  can  be  prevented  by  the  administration  of  calciferol 
in  a  non-fatty  medium  (Parsons,  1927,  1931). 

In  western  countries  adolescent  or  juvenile  rickets  is  rare,  in  contrast 
with  infantile  or  true  rickets.  The  latter,  in  its  active  form,  occurs 
nearly  always  between  the  age  limits  of  about  six  months  to  two  years. 
In  Central  Europe  at  the  close  of  the  World  War,  however,  juvenile 
rickets  was  prevalent  (Simon,  1921).  It  is  still  common  in  a  number  of 
eastern  countries  including  India  (see  e.g.  Hutchison  and  Stapleton, 
1924;  Wilson,  1931)  and  elsewhere,  for  example,  among  Finns  and 
Laplanders  (Kloster,  1931). 
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Adult  rickets  is  prevalent  in  a  number  of  eastern  countries  e  g  m  Osteomata 
Northern  China  (Maxwell  and  Miles,  1925)  and  in  parts  of  India 
(Vaughan,  1929;  Wilson  and  Surie,  1930).  Its  cause  commonly  lies  in  a 
combinatian  of  circumstances;  there  may  be  a  lack  of  vitamin  D  from 
the  diet  or  diminished  exposure  to  sunlight,  as  when  purdah  is  observed; 
but  often  also  there  is  an  actual  shortage  of  calcium  or  phosphate  in 
the  diet.  The  disease  is  most  commonly  associated  with  pregnancy  and 
lactation,  being  accentuated  by  the  additional  mineral  loss  which  then 
occurs.  The  pathogenesis  of  osteomalacia  is  the  same  as  of  rickets 
and  it  yields  to  the  same  prophylactic  and  curative  treatment. 

Renal  rickets,  characterized  by  a  high  level  of  phosphate  and  a  low  Ratal  rickets 
level  of  calcium  in  the  blood,  appears  to  have  its  origin  in  a  renal 
abnormality  which  causes  a  defective  urinary  excretion  of  phosphate. 

It  is  therefore  not,  strictly  speaking,  a  nutrilional  disorder.  (Sec  also 
article  RiCKiiTS,  Vol.  X,  p.  672.) 


{d)  Mode  of  Action  of  Vitamin  D 
As  was  hinted  above,  a  deliciency  of  vilamin  D  causes  an 
faecal  excretion  of  phosphate  or  calcium  or  both.  Administration  ol 
vitamin  D  rcctilics  the  error.  This  may  mean  that  Ihc  vilamin  causes 
either  an  increased  absorption  (rom  the  intestine  oi  altci  mitivcly  a 
diminished  re-c,xcrclion  into  Ihc  alimentary  tract.  It  is  not  certain  which 
of  the  two  processes  is  more  important,  and  so  the  action  ol  vitamin  D 
may  be  expressed  by  saying  that  it  causes  an  increased  ‘net-absorption’ 

(Harris,  1932).  'Phis  increased  net-absorption  is  rcllccted  in  a  raised 
concentration  of  phosphate  or  calcium  or  both  in  the  blood-Hream 
(Ivcrsen  and  Lenstrup,  1919;  Howland  and  Kramer,  1921).  This  in 
turn  promotes  an  increased  calcification  of  the  bone;  in  other  words 
the  defective  calcification  arises  directly  I'rom  the  low  blood-phosphorus^ 
or  calcium.  In  this  sense  rickets  is  a  disorder  not  ol  the  bone  but  ol 
the  blood.  In  fact  it  has  been  shown  that  bone  will  calcify  normally 
provided  the  blood-serum  with  which  it  is  in  contact  contains  adequate 
phosphorus  and  calcium  (Shipley,  19.24). 

This  concept  of  the  mode  of  action  has  been  substantiated  by  observa-  Hyper-  _ 
tions  on  the  edecls  of  excessive  doses  of  the  vilamin.  It  has  been  shown 
that  just  as  deliciency  of  vitamin  I)  causes  a  low  blood-phospliorus 
and/or  calcium  and  consequent  dclicicnt  calcification,  so  an  excess  ol 
vitamin  I)  brings  about  an  c.xcc.ssivc  increase  in  the  blood-phosphoi  us 
and/or  calcium  and  hence  ovcr-calcilication  (sec  Harris,  1932). 

There  is  as  yet  no  evidence  whether  or  not  the  vitamin  acts  directly 
upon  the  function  of  the  alimentary  canal.  It  is  true  Ihat  in  certain 
circumstances  atlininislralion  ol  the  vilaiiiin  can  diminish  the  alkalinity 
of  the  intestinal  contents  (/.uckei'  ami  Mat/ner,  1923).  Ibis  makes  the 
calcium  and  [ihosplioriis  niore  soluble  aiul  would  account  lor  the 
increased  absorption,  lint  this  action  (.toes  not  seem  to  be  general,  and 
in  any  event  it  lacks  explanation. 
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(e)  Vitamin  D  and  its  Properties 

.r.  n  hn.  the  most  limited  distribution  ol  any  oi  the  v.taniins 
Vitamin  D  has  tlic  _  nrnnhvl-iclic  measures  are  so  essential. 

it  ?f  Mclhnbv  918)  whereas  in  the  rat  it  is  necessary  to  upset 
rickets  (fa.  Mellanby,  ’  tUi-CnWum  el  al  1921 ;  Sherman  c/ a/., 
also  the  Ca/P  balance  ot  thcdict  (McCollum  ciai., 

I-,,  hi'  isohitcd  in  crystalline  form  was 

Vitamin  Dj  oi  calc  l  ,  ^  .  leadine  to  this  achievement 

ergosterol.  In  outline  i-j^kets  by  actinothcrapy 

(Hul  •-  Yj  1  nuipi'  1 004')  or  of  crude  choicstci  ol  (Rosen- 

Black  S  o  the  icteihification  of  ergosterol  as  the  pm-vitamm  in 
DiacK,  VM  .  u/rskc«,M*  u)^7*  Wmdoius  and 

+iif^  pniHp  cholesterol  (Rosenheim  and  wcbstci,  \  J~  , 
theciude  cnoicsiuoi  v*  .  vitamin  from  the  irradia- 

Hess,  1927);  and  (in)  the  isolation  ol  ^  ‘ 

tionUduct  of  ergosterol  (Askew  et  al.,  19.11,  Wmdaus,  uoi).  me 
pure  Vtainin  is  no^less  than  400,000  times  as  active  as  cod-1  ivci  oi 
onToloe  of  it  would  provide  »  sumeienl  , 

for  one  day  for  more  than  one  million  children,  t  cuics  nils  at  U  c 
level  of  1/100  000  nigin.  daily  or  less.  It  is  soluble  nr  tie  usii.i  a  - 
solvents  and  i's  relatively  stable  to  beat 

vitamin  C  or  B,.  It  has  a  cltanetcr.slie  ■  Pl  ^ 

which  is  used  in  assaying  pharmaceutical  piepruati 
formula  is  shown  below. 


Cl  I  cn  (di.t  ili  '“t-k 


aik 

1 

djih 


CH2  cm 

Calciftrol,  ‘vitamin 

It  is  only  since  1933  that  it  has  been  rcali/.cd  that  the  nalui  a  l  ' 
DCvitamin  D,;)  which  occurs  in  cod-livor  oil  is  shihilly  chllcrcn^^^ 
in  structure  from  the  so-callcd  ‘synUietic’'  vitaium  1)  (  vilannn 
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prepared  by  irradiating  ergosterol.  It  has  been  shown  that  the  vitamin 
in  cod-liver  oil  is  identical  with  a  substance  which  can  be  obtained  by 
irradiating  7-dehydrocholesterol  (cholestadien-3-ol).  Weight  tor  weight, 
calciferol  and  ‘vitamin  D.,’  are  equally  active  for  human  beings  and  for 
rats,  but  for  chicks  the  former  has  only  a  fraction  of  the  activity  of  the 
latter. 

Oil,  c\h 


c:m  — cil-.—  . -CII 


H;,c  (Mh  cii 
ihc 


C113 


1I,C  CM,  cib  cni  CM.. 

„,V  V'  ■  \/ 


MO.MC^^  ^CM 


‘Vitaniin 


Various  other  forms  of  vitamin  D  have  been  described,  but  the  matter 
is  of  more  academic  than  practical  interest.  Piobably  vitamin 
(calciferol)  occurs  naturally  in  irradiated  vegetable  tissues,  and  vitamin 
D.|  in  most  fish  oils. 

For  the  assay  of  vitamin  D  various  alternative  procedures  arc  avail-  Assay 
able.  The  most  satisfactory  are  the  following;  (i)  curative  tests  on  rats 
with  X-ray  examination  oi' the  rachitic  mctaphyscs,  probably  the  most 
accurate  method  (sec  Bourdillon  cl  (il.,  1 9.3 1 ) ;  (ji)  the  line  test  ( McC  ollum 
cl  ciL,  1922),  similar  to  the  foregoing  but  involving  a  histological  instead 
of  an  X-ray’ examination  of  the  bone;  and  (iii)  determination  of  the  ash 
content  of  the  bones. 


(2) — Vitamin  A 

1606.]  From  the  earliest  times  it  has  been  known  that  two  disorders  History 
of  the  eye,  night-blindness  and  xcroplithalmia,  were  associated  with  a, 
fault  in  the  supply  of  fat  in  the  diet.  The  error  in  question  gradually 
came  to  be  linked  more  specifically  with  ‘lal-soluhlc’  A,  laler  to  be 
known  as  vitamin  A.  In  19.'>.2  vitamin  A  was  dillcrentiated  from  the 
antirachitic  factor,  vitamin  I)  (sec  p.  574). 


(a)  The  Lesions  of  Vitamin-A  Dejiciciiey 
In  experimental  animals  a  lack  of  vitamin  A  leads  to  some  or  all  of  l■:sf>mmcnlal 
the  abnormal i ties  listed  in  I  able  III  (see  p,  ?  )4).  ^ 

The  abnormalities  are  idven  in  approximately  the  order  of  their 
appearance,  the  niyht-bliiulness  bcini.*',  an  eaily  siipi  and  the  ncivi 
degeneration,  for  example,  a  later  or  at  any  rate  a  eh  ionic  (Mica  !Vlo^>t 
of  the  ill  eHecls,  e.p.  niimbcrs  4,  6,  7,  and  S  {ix.  infeetions,  xeropli- 

thalmia,  calc.‘iili,  pc'riodontal  chances,  and  lepioduc'tiNc!'  lailincd  Ciin 
probably  he  attributed  to  number  3,  i.e.  to  the  xerosis  or  keratini/ation 
of  membrane  tissue.  Irsio/i 


E.M.  vot.,  xn 


2  i.? 
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TABLE  III.— Effects  of  Vitaniin-A  Deficiency 
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Vitamin  A 
and  infection 


*‘Dark~ 

adaptation'* 

tests 

{incipient 

night- 

blindness) 


Abnormality 

1.  Night-blindness 

2.  Failure  of  growth 

3.  Metaplasia  (xerosis)  of  epi¬ 

thelial  tissues 

4.  Multiple  secondary  infections 

5.  Xerophthalmia  and  kerato¬ 

malacia 

6.  Renal  calculi 

7.  Periodontal  hyperplasia 

8.  Reproductive  failure 

9.  Degenerative  changes  in  central 

or  peripheral  nervous  system 


Literature  Reference 
Holm,  1925. 

McColluni  and  Davis,  1913; 

Osborne  and  Mendel,  1913. 
Mori,  1922;  Wolbach  and  Howe, 
1925. 

McColluin,  1917;  Drummond, 
1918;  E.  Mellanby,  1919. 
Osborne  and  Mendel,  1913,  1914, 
1915. 

Osborne  and  Mendel,  1917. 

M.  Mellanby,  1930. 

Drummond,  1918. 

Hughes  et  aL,  1929;  E.  Mellanby, 
1930. 


The  infections  in  particular  seem  to  be  a  direct  result  (Harris,  limes, 
and  Griffith,  1932)  of  the  structural  break-down  of  the  epithelial 
tissues,  which  permits  the  accuniulation  thereon  and  invasion  by  chance 
organisms  which  would  normally  be  non-pathogenic.  Vitamin  A  does 
not  appear  to  influence  iminunity  reactions,  and  has  generally  given 
disappointing  results  when  tried  in  the  treatment  of  common  infective 
diseases  or  as  a  prophylactic  measure  against  ordinary  respiratory 
infections  (Wright  et  aL,  1931;  Barenberg  and  Lewis,  1932;  Orenstein, 
1932;  MacKay,  1934). 


(b)  Incidence  of  the  Various  Forms  of  VitaminrA  Deficiency 
The  occurrence  of  vitamin-A  deficiency  has  been  recognized  in  diflerent 
parts  of  the  world  by  widely  dilFering  symptoms  and  it  will  be  most 
convenient  to  consider  the  more  important  of  these  separately.  It  is 
not  yet  known  for  certain  whether  lack  of  vitamin  A  in  human  beings 
may  give  rise  to  the  abnormalities  classed  above  as  numbers  6,  7,  8, 
and  9  among  those  produced  in  experimental  animals  (i.e.  calculi, 
periodontal  changes,  reproductive  failure,  and  degeneration  of  nerves). 
Numbers  1  to  5  on  the  other  hand  (night-blindness,  growth  failure, 
xerotic  manifestations,  multiple  infections,  and  xerophthalmia  or 
keratomalacia)  have  all  been  seen  in  man  as  a  consequence  of  the 
deficiency. 

The  most  sensitive  known  method  for  detecting  the  mildest  degree 
of  hypovitaminosis  A  is  by  a  test  for  dark  adaptation.  This  test 
depends  on  the  fact  that  the  visual  purple  in  the  retina  of  the  eye  is  a 
derivative  of  vitamin  A;  when  the  body’s  supplies  of  the  vitamin  are 
below  the  optimum  a  diminished  visual  acuity  results,  which  can  be 
demonstrated  by  tests  carried  out  in  a  dim  light  after  exposure  of  the 
subject  to  brilliant  illumination.  The  procedure  needs  careful  control 
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in  order  to  check  irregularities  due  to  normal  fluctuations  and  variations 
as  well  as  to  the  possibility  of  the  individual  under  test  showing  an 
improved  performance  with  increasing  familiarity  with  the  instrument. 

Surveys  in  Great  Britain,  in  which  such  sources  of  error  were  guarded 
against,  showed  that  about  one-third  of  the  poor  elementary-school 
children  examined  in  London  and  Cambridge  were  subnormal,  whereas 
better-fed,  public-school  boys  and  children  in  institutions  where 
adequate  supplies  of  vitamin  A  were  habitually  given  were  nearly  all 
normal  (Maitra  and  Harris,  1937;  Abbasy  and  Harris,  1938).  This 
finding  corroborates  the  budgetary  surveys  of  Orr  (1936)  according  to 
which  a  large  proportion  of  the  population  were  judged  to  have  intakes 
of  vitamin  A  below  the  reputed  optimum.  In  America  (O’Brien,  1933; 

Jeans  and  Zentmire,  1934)  and  in  other  industrial  countries  of  the 
West  very  similar  conditions  appear  to  apply,  and  in  parts  of  India 
(see  Aykroyd  and  Krishnan,  1936)  and  in  other  oriental  regions 
conditions  are  no  doubt  far  worse. 

Definite  subjective  symptoms  of  night-blindness,  such  as  obtrude  A/X'/u- 
themselves  on  the  patient,  deserve  to  be  clearly  distinguished  from  the 
earlier  and  milder  manifestation  of  sub-normal  dark  adaptation  which, 
as  has  been  shown,  may  need  special  laboratory  equipment  for  its 
detection.  From  records  in  the  literature  it  is  clear  that  this  mark  of 
more  advanced  deficiency  has  been  common  in  a  number  of  parts  of 
the  globe,  c.g.  Newfoundland  (l.ittlc,  1912;  Aykroyd,  1930),  Labrador 
(Little,  1912),  China  (Pillat,  1929;  Chou,  1930),  Guatemala  (Macphail, 
1929),'and  the  Dutch  East  Indies  (Wille,  1922).  Aykroyd  and  others 
have  'made  the  interesting  observation  that  when  the  organism  has 
absorbed  a  large  dose  of  vitamin  A  the  sight  may  be  restored  to  normal 
within  so  short  a  time  as  12  to  24  hours. 

One  of  the  earliest  of  the  clinical  signs  of  deliciency  of  vitamin  A  is  a,  i;/,ithelkd 
characteristic  appearance  of  the  skin  lirst  described  by  Loewonthal  in 
Uganda,  and  later  by  Nicholls  in  Ceylon  who  gave  to  it  the  name 
‘phrynoderma’  (from  the  native  ’toad  skin’).  Locwcnthal  described  it 
as  consisting  of  a  dryness  ol  the  skin  with  a  kcratini’/ed  papulai 
eruption,  originating  at  the  pilo-scbaceous  ioilicles  tinci  occuiiing  on 
most  parts  of  the  body  except  the  face.  This  condition  has  been  shown 
to  be  very  common  in  Ceylon  (Nicliolls,  1933,  1934),  in  Uganda 
(Loewenlhal,  1933;  Mitchell,  1933;  Wrijrhl,  19.30),  and  in  China  (Pillat, 

1929;  I’ra/icr  and  Hu,  1931).  In  luigland  MacKay  (19.34)  considered 
that  among  infants,  minor  infections  of  the  skin  constitute  a  common 
result  ol'  hypovit:iminosis-A. 

Whereas  in  adults  a  long-continued  deliciency  of  vitamin  A  generally 
gives  rise  to  night-blindness,  in  children  xei otihtluilmia,  with  oi 
without  keratomalacia,  is  the  more  usual  symptom.  'I'hc  classical  nuihciu 
accounts  are  those  given  by  Mori  in  .lapan  (1904)  and  by  Bloch  in 
Denmark  (1917,  1924).  In  Irulia  xerophthalmiti  is  so  comnuui  that  it  is 
said  tobethe  principal  cause  of  blindness  (Wright,  1931 ;  Rirwan,  1931 ); 
other  records  refer  to  its  prevalence  in  Ceylon  (Nicholls),  parts  ol  (  hina 
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(Filial  and  Chang,  1932),  in  Yucatan  (where  one  child  in  every  five  was 
a  victim;  Carrillo,  1932),  in  Malaya,  in  Newfoundland,  and  elsewhere. 


Needs  of 
adults 


Mothers 

Infants  and 
children 


(c)  Quantitative  Requirements 

Probably  about  3,000  International  Units  of  vitamin  A  are  needed 
daily  by  the  average  adult.  ‘Such  a  supply  is  afforded  by  a  daily  intake, 
for  example,  of  500  millilitres  [-J  of  a  pint]  of  whole  fluid  milk,  one  egg, 
25  grammes  [/g  ounce]  of  butter  and  a  medium-sized  serving  of  a  green 
leafy  vegetable’  (Leegue  of  Nations,  Bulletin  of  Health  Organization, 
1938).  For  pregnant  and  lactating  women  the  needs  are  increased.  The 
requirement  of  infants  and  growing  children  is  greater  than  that  for 
adults,  weight  for  weight.  The  vitamin  may  be  supplied  to  infants  in 
the  form  of  a  fish-liver  oil  or  a  concentrate. 


Identification 


(d)  Froperties  of  Vitamin  A 

Observations  by  Steenbock  (1919),  Euler  et  al  (1928),  and  Moore 
(1929)  led  to  the  recognition  that  two  distinct  substances,  the  yellow 
pigment  carotene  and  the  ‘colourless  vitamin  A’  ol  liver  oils,  share 
vitamimA  activity.  Carotene  occurs  as  such  in  the  vegetable  kingdom 
and  some  or  all  of  it  is  converted  to  vitamin  A  in  the  animal  organism. 
The  chemical  relation  between  /i-carotene  and  vitamin  A(Karrer  et  aly 
1931)  is  shown  in  the  formulae  below.  It  is  now  known  that  several 
other  carotinoid  substances  in  addition  to  /^’-carotene  also  possess 
vitamin-A  activity,  but  these  are  probably  of  little  practical  importance: 
(/:^“Carotene  is  the  most  active  form  and  a-carotene  and  y-carotene 
and  also  cryptoxanthine  have  about  half  the  activity). 


Me  Me 

'^C'^  Me  Me  Me  Me  C 

/\  1  I  1  I 

H2C  C-  CH=  CH-  C=  CU-CH^CH-  C=CH-CH=CH"CH=C~CH=CH"  CH=-C-CH=CH“C  CM. 


HgC  C-Me 


Chemical 

properties 


Me  Me 

^c{  Me  Me 

/  \  I  I 

H-,C  C-  CH=CH-  C=CH~  CH~CH-C=  CH-  CH2.OH 


me  C-Me 

^  V 


jS-Carotene  above,  showing  its  relation  to  vitamin  A,  below 


Vitamin  A  is  unstable  to  heat  in  the  presence  of  air  but  is  relatively 
stable  if  oxidation  is  excluded  (Hopkins,  1920).  Substances  rich  in 
vitamin  A  absorb  ultra-violet  rays  in  the  region  of  328  m/i.  They  also 
give  a  brilliant  blue  colour  with  antimony  trichloride  (Carr  and  Price, 
1926).  These  reactions,  and  biological  tests  on  rats,  are  utilized  for  the 
assay  of  the  vitamin.  The  international  unit  is  0*0006  mgm.  of  a  standard 
specimen  of  ^-carotene. 
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In  the  animal  kingdom  fish-liver  oils  and  fish-body  oils  provide  the  best 
source  of  vitamin  A.  Butter  and  beef  and  mutton  fats  are  but  moder-  ^  ^ 

ately  active.  Ordinary  margarine  is  deficient  but  specially  activated 
brands  can  be  purchased. 

Most  leafy  vegetables  are  rich  in  /i-carotene  and  hence  highly  active.  In  vegetables 


The  activity  often  runs  parallel  with  the  degree  of  greenness.  Among 
root  vegetables  the  carrot  and  sweet  potato  are  active;  most  others  are 


pU'U’l.  i,..,  v,..  -  ..J  - - 

Large  amounts  of  vitamin  A  can  be  stored  in  the  liver  and  serve  as  a 
reserve  available  for  use  when  the  diet  is  deficient.  The  vitamin  can  be 


passed  from  the  mother  to  the  offspring,  both  through  the  placenta 
and  in  the  milk,  but  the  quantity  is  severely  limited  by  a  physiological 


control  (Dann,  1934). 


Storage  in 
the  body 


(3) — ^Vitamin  E 

1607.]  In  experimental  rats  the  most  prominent  feature  of  vitamin-E  Experimental 
deficiency  is  the  interruption  of  pregnancy  (the  so-called  resorption 
gestation)  in  the  female.  Fcu'tilization  and  implantation  take  place 
normally  but  after  about  two  weeks  there  is  resorption  of  the  foetus, 
and  sterility  results.  The  delect  is  reversible,  that  is  to  say  it  can  be 
cured  when  vitamin  E  is  given.  In  the  male  tliere  occurs  a  degeneration 
of  the  germ-cells  which  on  the  otlier  hand  is  less  readily  curable.  Other 
abnormalities  which  may  be  seen,  particularly  in  a  more  chronic  state 
of  deficiency,  include  paralysis  and  muscular  dystropliy. 

Little  is  known  about  the  effects  of  a  deliciency  in  other  species,  in  clinical 
although  it  appears  that  sterility  in  cattle  may  sometimes  respond  to 
vitamin  E  (Vogt-Mollcr  and  Bay,  1931).  As  far  as  human  beings  are 
concerned,  there  is  rather  a  paucity  of  properly  controlled  clinical 
observations.  Nevertheless  some  recent  clinical  trials  suggest  that 
habitual  abortion  in  women  is  sometimes  amenable  to  treatment  witli 

vitamin  F'  (e.g.  Vogt-Mbllcr,  1933,  1936; . fanberg,  1936;  Currie,  1936, 

1937;  Young,  1937).  It  seems  wortli  while,  tlien,  when  other  more 
obvious  causes  ot‘  sterility  liave  been  ruled  out,  to  make  a  trial  with 
suitable  concentrates  of  this  vitamin. 

The  usual  source  ol'  vitamin  F',  is  wheat-germ  oil.  ( Jrecn  leaves  also  ProiHriies  of 
contain  it.  (foddiver  oil  and  other  lisloHver  oils,  althougjt  so  richly  L 

endowed  with  the  twt>  cUher  important  fat-soluble  factors  (vitanvin  A 
and  vitamin  F)),  are  generally  almost  devoid  of  If  In  1936  livans  and 
his  co-workers  isolated  the  vitamin  in  a  erystallinc  form  and  gave  it 
the  name  (/-tocophciH>l.  It  has  the  foiamila  < '...3  ti  chri)man 

derivative.  It  is  fairly  stable  to  heat  but  is  destroyed  during  the  de¬ 
velopment  of  rancidity  in  fats.  Like  vitamin  A,  hut  in  contrast  with 
vitamins  B,  or  i\  vitamin  I*  can  he  stored  in  the  anima!  org.anism  to  a 
remarkable  dcg,rcc.  A  second  foimu  !>  ttH;o|>hcrol,  is  somewhat  less 
active. 
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New  factors 


Vitamin  H 


Vitamin  P 
Qiesperidifi) 


Vitamin  K 


Infants 


Me 


HO 


Ih 


'CHa 


Me 


,CMc . CCH2 .  CH2. CH. .  CHMc]3 .  CH^ 


a-Tocopherol,  vitainin  E 


6 -OTHER  VITAMINS 

1608.]  Experiments  on  animals  have  given  indications  of  the  existence 
of  a  number  of  vitamins  in  addition  to  the  better-knovv^n  ones  so  lur 
discussed.  With  the  exception  of  'vitamin  P’  little  is  known  about  their 
chemical  structure.  Often,  too,  the  pathological  effects  of  the  deficiency 
have  not  yet  been  clearly  characterized.  In  only  three  instances  has  any 
specific  claim  been  made  for  possible  uses  in  clinical  medicine. 
Deficiency  of  vitamin  H  in  rats  gives  rise  to  a  seborrhoeic  dermatitis 
which  is  cured  by  its  administration.  Gyorgy  suggested  that  it  should 
be  tried  in  various  seborrhoeic  conditions  in  man  and  in  psoriasis, 
but  favourable  reports  of  its  use  are  still  lacking. 

Vitamin  P  ('citrin’,  ‘flavone’,  hesperidin)  is  claimed  to  have  a  vitamin- 
C-sparing  action  in  guinea-pigs  and  to  check  haemorrhages  by  dimin¬ 
ishing  the  capillary  fragility.  The  reality  of  vitamin-P  deficiency  in 
guinea-pigs  has  been  questioned  (Zilva,  1937);  on  the  other  hand 
several  clinical  investigators  claim  that  it  has  been  effective  in  reduc¬ 
ing  haemorrhages,  e.g.  in  haemorrhagic  nephritis  and  other  conditions 
(Lajos,  1937;  Scarborough  and  Stewart,  1938). 

In  chickens,  vitamin-K  deficiency  is  characterized  by  the  occurrence  of 
haemorrhages  and  a  diminished  clotting  power  of  the  blood,  due  to  a 
fall  in  the  prothrombin.  It  is  stated  by  Dam  and  Glavind  (1938)  that 
a  low  vitamin-K  value,  as  measured  by  the  blood-clotting  technique, 
was  found  in  several  cases  of  obstructive  jaundice  due  to  cancer,  in 
which  a  reduced  absorption  of  the  vitamin  from  the  intestine  would 
naturally  be  expected.  Parenteral  administration  of  the  vitamin  brought 
the  clotting  power  back  to  normal.  Thus  here  again  possible  clinical 
applications  are  worth  considering  for  the  future. 

7 -DIETETICS  AND  APPLICATIONS 

1609.]  Fortunately  it  is  possible  to  formulate  a  few  simple  rules  which 
should  ensure  an  adequate  supply  of  vitamins  under  most  conditions. 
For  artificially  fed  infants  a  diet  based  on  whole  milk  modified  if 
necessary  and  with  the  addition  of  iron,  supplemented  with  orange 
juice  or  ascorbic  acid,  and  vitamins  A  and  D  in  the  form  of  a  concen¬ 
trate,  should  meet  all  needs.  The  daily  requirements  for  the  various 
vitamins  have  already  been  dealt  with,  and  generally  the  directions 
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«iven  with  any  reputable  proprietary  preparation  can  be  sately  tollowed. 
Experience  in  America  suggests  that  it  is  probably  an  advantage  to 
provide  a  supplement  of  vitamin  B,  (or  B  complex)  trom  a  fairly  early 
age:  this  may  be  given  as  a  cereal  (wheat  germ)  preparation  or  as  a 
concentrate.  See  also  under  titles  Food  (Vol.  V,  p.  393),  and  Infant 
Febding  (Vol.  VII,  pp.  140,  145,  164,  165,  and  166). 

The  commonest  faults  in  the  diet  of  adults  are,  probably,  shortages  of 
vitamins  C  and  Bj,  at  least  under  the  conditions  prevailing  in  Great 
Britain.  Economic  reasons  are  usually  responsible.  The  ‘average  middle- 
class  diet’  is  likely  to  be  satisfactory  provided  it  includes  the  following 
daily— i  to  1  pint  of  milk  (1  to  1  i  pints  for  children),  one  good  protein 
dish,  one  orange,  or  the  equivalent  of  vitamin  C  in  the  form  ot  other 
fruit,  salad,  or  vegetables.  Vitamin  B]  is  likely  to  be  low  in  the  diets 
of  most  working-class  people,  and  the  simplest  way  of  correcting  the 
error  is  by  the  substitution  of  wholemeal  bread  for  white.  For  children 
the  most  important  single  measure  is  to  include  a  pint  to  a  pint  and  a 
half  of  milk  daily.  Ihuring  the  years  of  growth  the  regular  use  of  vitamin 

□ _ .preferably  combined  with  vitamin  A — is  to  be  recommended, 

especially  in  winter  (for  doses  see  p.  590). 

In  various  parts  of  the  world  single  or  multiple  dcliciencics  present 
special  problems;  for  example,  in  the  East,  polished  rice  can  often 
with  advantage  be  replaced  by  parboiled  or  unpolished  rice,  and  the 
use  of  beans  and  wholemeal  cereals  may  be  encouraged.  In  the  far 
north  populations  sliort  ot  vitamin  arc  being  taught  to  take  certain 
berries;  or  extracts  derived  from  pine  needles  or  hip  berries,  or  some¬ 
times  synthetic  preparations  of  ascorbic  acid,  arc  being  distributed.  In 
regions  where  mai/e  is  the  staple  tlicl  the  public  authorities  are  institut¬ 
ing  measures  to  combat  pellagra.  These  arc  but  a  few  examples. 
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1 -VULVA 

(1) — ^Vulvitis 

1610.]  Simple  vulvitis  may  be  due  to  various  organisms  and  is  found 
especially  in  associatiori  with  uncleanliness,  when  the  bacteria  may 
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have  been  spread  from  the  anus.  It  may  result  in  papular  eczema  with 
purulent  discharge  and  areas  of  incrustation.  It  usually  clears  up  with 
frequent  cleaning  followed  by  drying  of  the  vulva  and  the  application 

of  calamine  lotion.  ^  . 

Follicular  vulvitis  occurs  on  the  hair-bearing  parts  of  the  vulvar  skm;  Foihcuiw 
furuncles  and  boils  may  develop  and  require  hot  antiseptic  applications 
or  incision. 

Erysipelatous  vulvitis  is  a  rare  condition  in  which  acute  streptococcal  Eiysipclatous 
inflammation  rapidly  spreads  over  the  vulva  and  neighbouring  areas, 
sometimes  causing  subcutaneous  cellulitis  and  abscess  formation.  The 
patient  is  acutely  ill,  and  the  prognosis  is  often  bad.  Treatment  with 
sulphanilamide  should  be  begun  at  once,  and  the  vulva  should  be  painted 
with  a  10  per  cent  solution  of  ichthammol  in  glycerin  or  a  I  per  cent 
solution  of  picric  acid  in  water. 

Diabetic  vulvitis  gives  a  characteristic  picture  which  may  often  be  Diabetic 
recognized  at  sight.  The  vulva  is  swollen  and  oedematous,  and  the 
skin  is  bright  red  and  covered  in  places  with  lightly  adherent  whitish 
patches  which,  on  microscopical  examination,  are  found  to  consist  ol 
desquamated  epithelial  cells,  pus,  and  threads  of  monilia.  The  inflamma¬ 
tion  is  mainly  due  to  the  fungus,  the  growth  of  which  is  favoured  by 
the  continual  presence  of  sugar  on  the  skin.  Treatment  ol  the  diabetes 
mcllitus  will  usually  cure  the  vulvitis;  sodium  bicarbonate  douches 
may  be  given,  or  the  skin  may  be  painted  with  a  1  per  cent  solution  of 
gentian  violet.  Pessaries  of  .5  per  cent  lactic  acid  in  a  glyco-gclatin  base 
may  give  better  results  in  a  resistant  case,  in  which  tire  vagina  also  is 
infected. 

Acute  vulvitis  is  also  seen  in  association  with  vaginitis  due  to 
gonorrhoea,  'rrichotuoiius  Hciet.  col‘u  and  initkiting  cervical 

discharges.  (Sec  CloNOKi^rtoitA,  Vol.  Yl,  p.  26,  and  fa'.iiC'()iuriK)r’.A 
AND  OTIIIiR  NON-HAliMORRIIAtlie  VAtilNAl,  DlSCHARCatS,  Vol.  VIl, 

p.  712.) 

(2) — Ulceration 

Slnrplc  ulcei-ation  nray  be  due  to  trauma  or  to  vulvitis;  a  granuloma 
may  occur  in  tin  unliealed  puerperal  tear  turd  nray  persist  for  ;i  nroirth 

or  two. 

The  ulcus  vulvac  aculuiu  of  Upscluitz  is  stated  to  be  due  to 
Bacillus  crassiis.  d'he  ulcers  are  rmiltiple,  roiiud,  and  sludlow,  from 
onc-ciglUh  to  onediall*  inch  iu  diameter,  with  a  preyisb  sod  base,  and 
lender  U)  louciu  Similnr  ulcers  arc  ullen  lound  In  the  mouth.  1  hey  may 
be  treated  by  paintinp  with  a  5  per  cent  soluliott  of  silver  nitrate  or  a 
10  per  cent  aqueous  solution  of  meivuroehrome;  there  is  a  tendency 
to  spontaneous  hearmn,  when  the  patient  is  at  lest,  but  luwciops  ot 
ulcers  arc  lialde  to  break  out. 

Diphtheritic  and  tuhcrculous  ulceration  is  rare.  11ie  organisms  nuiy 
be  grown  in  culture,  or  identihed  iu  smears  oi’  hy  biopsy  in  the  ease 
of  tuberculosis.  I  )iphlhcritic  ulccruiion  sluuikl  be  dented  by  «inliloxin. 
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Excision,  curettage,  or  cauterization  may  be  employed  for  tuberculous 
ulceration. 

Gangrenous  vulvitis  or  noma  occurs  in  children  during  measles  and 
other  acute  specific  fevers,  in  erysipelas,  and  in  venereal  infection.  The 
patient’s  strength  must  be  niaintaincd  and  the  local  lesion  tieated  by 
excision  or  cauterization. 

Carcinoma  must  be  kept  in  mind,  even  in  young  women,  and  the 
diagnosis  established  by  biopsy  in  any  persistent  indurated  ulcer. 

For  venereal  ulcers  of  the  vulva  see  Chancroid,  VoL  ill,  p.  97; 
Gonorrhoea,  VoL  VI,  p.  26;  Granuloma,  Ulcerative,  Vol.  VI,  p.  57, 
Lymphopathia  Venereum,  Vol.  VIII,  p.  297;  and  Syphilis,  Vol.  XI, 
p.  573. 

(3) — Pruritus  Viilvae 

This  is  a  common  symptom  of  vulvitis,  leucorrhoea,  and  leucoplakia, 
but  it  may  occur  without  any  apparent  vulvar  abnormality  apart  from 
lesions  produced  by  scratching.  The  urine  must  always  be  examined 
for  sugar  and  pus,  which  may  cause  irritation.  The  anal  canal  should 
also  be  inspected  because  thread-worms  or  irritant  discharges  from  a 
fissure  or  piles  may  be  responsible. 

Any  possible  cause  of  the  pruritus  is  treated,  and  calamine  lotion 
with  1  or  2  per  cent  phenol  is  used  to  relieve  the  irritation.  More  severe 
cases  may  require  analgesic  ointments,  such  as  5  per  cent  thymol  oi 
menthol,  10  per  cent  cycloform  or  percainal,  or  even  5  to  10  per  cent 
cocaine.  When  the  pruritus  is  a  symptom  of  neurosis,  oral  administra¬ 
tion  of  bromide  and  valerian  may  help.  When  there  are  atrophic 
changes,  oestrin  therapy  is  indicated,  Stilboestrol  may  be  given  in  doses 
of  3  mgm.  daily  by  the  mouth  for  three  weeks,  the  dose  then  being 
decreased;  or  oestradiol  benzoate,  50,000  international  units  by  intra¬ 
muscular  injection  twice  a  week  for  three  weeks,  followed  by  4,000 
international  units  of  oestrone  daily  by  the  mouth.  When  skin  changes 
are  not  present  X-ray  treatment  is  usually  successful  in  the  worst  cases, 
but  the  relief  may  not  be  permanent.  Finally,  wide  subcutaneous 
infiltration  with  1  per  cent  solution  of  procaine  hydrochloride  (novocain) 
or  3  per  cent  benzocaine  solution  in  the  form  of  "A.B.A.’  may  be  tried. 
(See  also  Pruritus  and  Prurigo  (Hebra),  Vol.  X.  p.  168.) 

(4)— Leucoplakia  Vulvae 

Leucoplakia  vulvae  is  a  chronic  inflammatory  condition  oi  unknown 
aetiology.  In  the  early  stages  the  vulva  is  red  and  swollen,  the  skin 
becomes  thickened,  and  microscopical  section  shows  congested  blood¬ 
vessels  and  round-celled  infiltration  in  the  subepithelial  tissues.  After 
a  time  the  labia  shrink,  as  fibrosis  and  retraction  take  place  under 
the  skin,  and  the  piled-up  epithelium  takes  on  the  white  colour  which 
gives  the  condition  its  name.  In  the  later  stages,  desquamation  occurs 
in  some  areas  and  cracks  and  ulcers  appear  in  the  indurated  skin. 
Carcinoma  may  develop  in  these  ulcers.  The  disease  may  affect  part 
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or  the  whole  of  the  vulva,  except  the  vestibule  and  urethral  orifice 
which  are  never  involved;  it  sometimes  spreads  onto  the  perineum 
and  peri-anal  region  and  the  adjacent  parts  of  the  thighs. 

Pruritus  is  iisiially  the  first  syniptoin,  and  a  burning  feeling  and  pain  Cluneal 
are  complained  of  later,  in  the  stage  of  desquamation  and  ulceration. 

When  pruritus  is  the  only  symptom,  it  should  be  treated  with  lotions,  Treatment 
ointments,  or  oestriii  preparations,  as  suggested  above  (see  p.  608).  In 
the  stage  of  hyperkeratosis  and  ulceration  it  may  be  necessary  to  excise 
the  vulva,  especially  if  carcinomatous  change  is  suspected.  When  the 
condition  is  extensive,  excision  of  the  whole  area  may  be  difficult  or 
impossible,  but  vulvectomy  usually  gives  relief. 


(5) — Kraurosis  Viilvae 

Kraurosis  viilvae  is  a  condition  of  extensive  vulvar  atrophy  which  Aetiology 
sometimes  follows  the  menopause.  It  is  probably  due  entirely  to  lack 
of  hormones,  especially  oestrin,  consequent  on  the  menopausal  atrophy 
of  the  ovaries.  The  patient  complains  chiefly  of  soreness  of  the  vulva;  Ciimad 
pain  on  micturition  and  prurilus  are  sometimes  present  and  dyspareimia 
may  be  the  cliief  symptom  in  advanced  cases.  The  disease  involves 
the  entire  vulva  including  the  vestibule.  The  labia  minora,  clitoris, 
and  vaginal  orifice  shrink  and  the  skin  becomes  very  thin  and  shining, 
with  large  yellow  and  small  red  areas. 

In  mild  cases  palliative  irealment  with  antipruritic  and  analgesic  Treatment 
lotions  and  ointments  may  be  tried  and  oestrin  therapy,  as  for  pruritiis, 
is  iiserul.  ir  clyspareunia  is  an  impoilant  symptom  a  plastic  operation 
may  be  neccssm'y. 


(6)— Tumoiirs 

Fibroma  and  ncurofibronui  may  occur  on  Ihc  vulva  and  do  not  diiler  Fibroma  and 

from  similar  growths  fouiui  elsewhere  in  the  skin  (sec  Vol.  IX,  p.  216). 

They  usually  become  pedunculated  aud  arc  easily  removed  if  they  give 
rise  to  pain  or  discomfort. 

Papillomas  arc  usually  of  tlic  kind  called  condylomata  acuminata  or  Papilloma 
gonorrhoeal  warts.  Uicy  arc,  liowever,  nol  due  lo  gonorrhoea  or  to  Aetiology 
the  irritation  of  a  profuse  vaginal  discharge,  as  is  ca)mmonly  stated, 
because  lypical  warts  arc  sonudimes  lound  in  patients  who  arc  not 
infcclcd  witlt  gonorrltoea  and  are  free  iVorn  leucorrhoea.  'Ihc  cause  is 
probably  a  filter-passing  virus.  Tlic  warts  arc  small,  many-pointed,  and 
often  pedunculated;  they  are  lound  on  both  the  nu)ist  and  the  dry 
areas  but  rarely  inside  the  vagina.  Treatment  consists  ol  touching  tlic  Treatment 
papillomas  willi  a  paint,  such  as  ci|ual  parts  ot  tincture  ol  ferric  chloride 
and  blistering  fluid,  or  with  acid  solution  ol  mercuric  nitrate,  ihc  paint 
should  be  carefully  moi'>pcd  otf  alter  application,  to  prevent  ulceration 
of  normal  areas. 

Carcinoma  is  the  commonest  vulvar  tumour.  It  is  usually  a  disease  ol  Cardmnna 
elderly  women  and  begins  on  the  labia  majt>ra  or  minora,  the  clitoris, 
or  the  perineum,  it  is  t>f  the  squanuuis-cclled  type  and  may  lollow 
B.M.  VOL.  Xlt  ^ 


Clinical 

oictnre 

Treatment 


Melanoma 
and  sarcoma 

Abscess 

Cysts 

Carcinoma 

Aetiology 


610  VULVA  AND  VAGINA  DISEASES  [-vol-xii 

leucoplakia  Metastasis  occurs  in  the  inguinal  glands.  In  the  eaily 
stages  the  patient  complains  only  of  a  small  lump  on  the  vulva;  later 
ulceration  occurs  and  there  may  be  very  great  pain  and  tenderness  to 
touch  There  is  a  thin  purulent  discharge  but  bleeding  is  unusual.  On 
examination  a  hard  nodule  is  found  in  the  skin,  or  an  ulcer  with  raised 
rolled-out  edges  and  indurated  base.  When  the  disease  has  follo^ved 
leucoplakia  the  growths  may  be  nrultiple.  The  labia  and  the  clitoris 
may  be  removed  by  an  inner  incision  around  the  vaginal  orifice  and 
vestibule  and  an  outer  incision  encircling  the  entire  vulva,  leaving  a 
wide  margin  around  the  growth.  The  inguinal  glands  must  always  be 
removed,  but  not  necessarily  at  the  same  time,  as  metastasis  does  not 
occur  in  the  intervening  lymphatics  except  in  cases  in  which  treatment 
is  hopeless.  The  incision  extends  along  the  line  of  the  inguinal  (Pouparf  s) 
ligament,  inclining  downwards  at  the  inner  end  to  enable  the  glands 
round  the  upper  part  of  the  saphenous  vein  to  be  removed. 

Melanoma  and  sarcoma  of  the  vulva  are  rare  and  should  be  treated 
by  removal  of  the  inguinal  glands  and  vulva  in  one  mass.  Radium  may 
be  applied  to  the  surface  of  the  primary  growth,  and  the  inguinal  glands 
may  be  treated  by  X-rays  as  an  alternative  to  operation  in  these  growths 
and  also  in  carcinoma.  The  results  have  been  inferior  to  those  of 
operation. 

(7)_Greater  Vestibular  (Bartholin’s)  Gland 

Abscess  of  the  greater  vestibular  (Bartholin  s)  gland  is  usually  due 
to  gonorrhoea  but  cases  in  which  other  organisms  are  responsible 
are  by  no  means  rare.  The  abscess  should  be  incised  and  drained.  If 
it  recurs,  the  gland  should  be  excised  in  an  interval  between  acute 
attacks. 

Cysts  of  Bartholin’s  gland  most  commonly  follow  infection,  but  small 
cysts  may  occur  when  the  duct  has  been  blocked  by  a  puerperal  lacera¬ 
tion.  They  occur  at  the  side  of  the  lower  end  of  the  vagina  and  enlarge 
outward  .into  the  base  of  the  labium  minus.  If  they  cause  pain  or 
discomfort  they  should  be  excised  under  general  anaesthesia  and  the 
cavity  obliterated  by  mattress  sutures  of  catgut,  which  also  secure 
haemostasis.  The  cyst  is  usually  deep-seated  and  adequate  local  anaes¬ 
thesia  is  difficult  to  obtain. 

Carcinoma  of  Bartholin’s  gland  occurs  very  rarely  in  elderly  women. 
It  is  an  adeno-carcinoma  and  the  metastases  occur  in  the  inguinal 
glands.  The  treatment  is  wide  excision  of  the  enlarged  hard  gland  and 
removal  of  the  inguinal  lymphatic  glands. 


2.-URETHRA 

(1)— Urethritis 

1611.]  Inflammation  of  the  urethra  is  generally  due  to  gonorrhoea, 
but  other  organisms,  such  as  Bact.  coU,  are  occasionally  responsible. 
In  acute  cases  the  patient  complains  of  frequent  and  painful  micturition, 
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and  on  examination  the  meatus  is  seen  to  be  reddened  and  swollen. 

In  chronic  cases  there  may  be  no  symptoms,  but  complaint  of  leucor- 
rhoea  due  to  an  accompanying  vaginitis  is  often  made.  Skene’s  tubules 
and  similar  lacunae  inside  the  iirethra  may  be  infected;  this  may  cause 
recurrence  of  the  urethritis  and  vaginitis  after  treatment.  The  urethra 
and  the  Skene’s  tubules  may  be  thickened  and  palpable  through 
the  anterior  vaginal  wall  and  discharge  may  be  expressed  from 
them. 

Treatment  consists  in  irrigation  of  the  urethra,  as  for  gonorrhoea,  or  Treatment 
in  applications  of  10  per  cent  solution  of  merciirochrome  or  silver 
proteinate  on  a  probe  covered  with  cotton-wool.  When  there  is 
persistent  infection  of  Skene’s  tubules  they  may  be  washed  out  with  an 
antiseptic  injected  through  a  blunt  needle,  or  cauterized  and  opened 
on  the  vaginal  or  iiretliral  aspect  with  an  electric  cautery.  An  abscess 
of  a  Skene’s  tubule  is  occasionally  found  and  requires  incision  and 
drainage. 


(2)— Urethral  Caruncle 

Urethral  caruncle  is  a  soft  growth  arising  from  the  posterior  wall  Aeiiology 
of  the  urethra,  just  inside  tlic  meatus.  The  aetiology  is  obscure,  it  has 
been  stated  to  be  due  to  chronic  infection  of  Skene’s  tubules  but  it 
most  commonly  occurs  in  elderly  women  who  give  no  history  and 
show  no  signs  of  urethral  infection.  It  is  often  associated  with  vulvar 
atrophy  and  may  bo  of  similar  origin. 

The  growth  is  usually  pedunculated,  st>inetimcs  sessile,  and  ot  a  Morbid 
bright  cherry-rcd  colour,  lying  in  or  projecting  Irom  the  meatus.  On 
section  it  is  found  to  he  covered  with  stralilied  epithelium,  processes 
of  which,  pcnetnitc  dcep.ly  into  the  conncctive-tissuc  centre,  which 
contains  numerous  large  blood-vessels. 

Symptoms  may  be  absent  but  most  caruncles  arc  very  sensitive  and  (  jiniad 
cm..isc  pain  on  micturilion,  and  even  when  the  patient  walks  or  sits 
down. 

The  uretlira  should  be  dilated  with  mclal  dilators  and  the  caruncle  Treatment 
excised  with  a  snuill  ai'ca  ol  the  urethra!  wall.  I  he  iiicision  is  icpaiied 
with  fine  catgut  sutures,  (’aiitcri/ation  or  diathermy  arc  alternative 
methods  of  treatment. 


(3)— Cardiionia 

(tircinorna  of  the  urethra  is  a  rare  disease  ot  elderly  waunen.  It  usually 
projects  as  a  caulilhwver tike  mass  tri>m  the  meatus  and  may  oiiginalt 
in  Skene’s  tubules,  t  he  symptoms  arc  pain,  discharge,  and  liacmorrhagc.^ 
Adequate  removal  is  dlllicuit  and  will  probably  cause  incontinence  ol 
urine,  ttic  best  treatment  is  by  radium  pla, epics  applied  to  the  growth. 
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3-VAGINA 

Dyspareunia  and  vagitiismus  are  dealt  with  in  the  article  Dyspareunia, 

Vol.  IV,  p.  361.  . 

The  vaginal  flora  and  factors  influencing  it  arc  dealt  with  undei  the 
title  Leucorrhoea  and  Other  Non-Haemorrhagic  Vaginal  Dis¬ 
charges,  Vol.  Vil,  p.  712. 

(1)— Vaginitis  ■ .  .  ■  ,  ■ 

1612.]  The  following  causes  of  vaginitis  must  be  considered  in  seeking 
the  origin  of  vaginal  inflammation:  (i)  foreign  body,  such  as  a  pessary 
or  some  object  introduced  by  the  patient;  (ii)  chemical  irritotion,  due  to 
the  use  of  strong  antiseptic  for  douching;  (iii)  inflammation  following 
the  use  of  a  douche  which  has  been  given  at  too  high  a  temperature; 
(iv)  irritation  from  chronic  septic  cervical  discharges,  oi  pus  coming 
from  a  pyometra;  (v)  organisms,  such  as  gonococci,  Trichomonas 
vaginalis,  Bact.  coli,  streptococci,  monilia,  and  C.  diphtheriae]^  and  (vi) 
a  senile  vagina  sensitive  to  organisms  which  the  vagina  can  resist  before 

the  menopause.  _  .  . 

The  only  constant  symptom  is  vaginal  discharge,  but  complaints  of 
soreness,  pruritus,  and  burning  pain  on  micturition  are  often  made. 
The  vaginal  wall  is  bright  red  in  acute  cases  and  the  discharge  is 
obviously  purulent;  in  chronic  cases  there  may  be  only  slight  injection 
of  the  vaginal  wall. 

An  accurate  diagnosis  must  be  made  before  prescribing  treatment. 
Cultures  are  necessary,  and  the  discharge  should  also  be  examined 
fresh  in  saline  under  the  microscope  tor  Trichomonas  vaginalis.  It  a 
pessary  is  the  cause  it  may  be  impossible  for  the  patient  to  continue 
to  wear  it,  and  the  symptoms  of  prolapse  must  be  relieved  by  operation. 
Senile  vaginitis  may  be  treated  by  douching  with  1  to  2  per  cent  solution 
of  sodium  bicarbonate  or  0-5  to  1  per  cent  solution  of  lactic  acid. 
Oestrin  preparations  may  be  given,  as  in  pruritus  (see  p.  608),  to  thicken 
the  epithelium  and  encourage  the  growth  of  Doderlein’s  bacillus.  The 
treatment  of  vaginitis  due  to  gonococci,  trichomonas,  and  other 
organisms  will  be  found  in  the  article  on  Leucorrhoea  (see  Vol.  VII, 
p.  716). 

(2)  — ^Ulceration 

Vaginal  ulceration  may  be  due  to  a  pessary,  an  infected  laceration, 
friction  in  a  case  of  prolapse,  syphilis,  tuberculosis,  or  carcinoma.  It 
may  be  necessary  to  establish  the  diagnosis  by  biopsy.  The  appropriate 
treatment  will  be  evident  when  the  diagnosis  has  been  established. 

(3)  — Cysts  and  Tumours 

Cysts  of  the  vagina  are  usually  thin-walled  swellings  on  the  anterior 
or  lateral  walls,  more  rarely  on  the  posterior  wall.  They  commonly 
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originate  from  persistent  portions  of  Gartner’s  duct,  or  occasionally 
from  aberrant  mucous  glands,  if  discomfort  or  dyspareunia  are  caused, 
the  cyst  should  be  shelled  out  after  incision  of  the  epithelium. 

Fibroma,  fibromyoma,  and  fibrosarcoma  of  the  vagina  are  rare 
tumours  usually  found  close  under  the  epithelium.  They  may  be 
mistaken  before  operation  for  the  more  common  tense  cysts.  The  fibrosarcoma 
tumour  can  generally  be  shelled  out  and  should  be  microscopically 
examined  to  find  out  whether  it  is  malignant.  A  sarcoma  will  require 
subsequent  treatment  with  radium  by  surface  application  and  deep 


X-ray  therapy. 

Carcinoma  of  the  vagina  may  be  secondary  to  a  carcinoma  ot  the 
cervix  or  of  the  body  of  the  uterus.  If  it  spreads  from  the  cervix,  it  will 
require  the  same  treatment  as  the  primary  growth.  Carcinoma  secondary 
to  a  growth  in  the  body  of  the  uterus  is  commonly  found  as  an  isolated 
nodule  near  the  introitus.  It  causes  a  haemorrhagic  discharge  and  may 
be  the  first  manifestation  of  the  disease.  The  prognosis  is  not  necessarily 
grave  if  the  uterus  can  be  removed  by  total  hysterectomy,  because 
there  may  be  no  other  metastasis  than  that  seen  on  inspection,  and  this 
can  be  treated  by  local  application  of  radium.  In  chorionic  carcinoma 
of  the  uterus,  secondary  growths  may  be  found  in  the  vagina  (see 
Vol.  Ill,  p-  222)  and  may  be  treated  by  excision  or  radium.  A  few  eases 
of  primary  chorionic  carcinoma  of  the  vagina  have  been  recorded. 

Piinvirv  carcinoma  is  rarer  than  secondary.  It  is  squamous  in  type  Priumy 
and  may  occur  on  any  part  of  the  vaginal  wall.  It  is  sometimes  due  to 
ulceration  from  a  pessary.  The  only  symptom  in  early  cases  is  haemor¬ 
rhagic  discharge.  The  growtli  is  radiosensitive  and  may  be  treated  by 
local  application  of  radium.  If  the  primary  growth  is  in  the  lower  third 
of  the  vagina,  metastasis  may  occur  in  tlie  inguinal  lymphatic  glands. 


(4) — Vaginal  Fistiilae 

Urethral,  vesical,  ureteric,  and  rectal  listulae  may  occur  from  lacera¬ 
tion  or  slougliing  iluring  labour,  or  from  injury  tinring  an  operation. 

If  the  urethra  is  extensively  damaged  it  may  he  impossible  to  reconstruct 
il  A  small  urethral  or  vesica!  (istula  may  be  repaired  from  the  vaginal  l/rcihral 
aspect  by  thoroupjily  separating,  tiio  inner  and  outer  layeis  ol  the 
nuicosa  and  sutnrinn.  them  separateiy  in  such  a  way  tliat  broad  areas  f)t 
the  raw  surface  arc  joined  t<)P, ether,  bine  catp.ut  ^dlould  be  used  lor  the 
inner  layer  of  vesical  or  uretlual  nuicosa,  and  catyiit  or  silkworin-gut 
for  the  vagina,  "fhe  bladder  may  he  drained  by  a  line  rubber  catheter 
attached  to  a  stitch  in  the  vestibule.  With  larger  (istidac  drainage  by 
suprapubic  eystosloiny  is  better  and  il  may  be  necessary  to  repaii  the 
bladder  wall  throng, h  the  eystosloiny  opening,,  because  it  can  be  dout. 
more  aeeurately  from  tliis  asfKvt.  Ureteric  listulae  are  very  dillieull 
to  cure  and  should  he  approached  through  the  bladder,  bceausc 
re-implantation  of  the  ureter  higher  up  the  bladder  may  be  needed. 

Rccto-vardual  tisUilae  are  usually  eoinparalively  taisy  to  cure  unless  AVT’/e-owglmi/ 
they  arc  in  the  upper  part  of  the  vainua.  In  the  lower  vagjna  the  track 
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of  the  fistula  is  generally  long,  and  the  perineum  and  the  anterior  wall 
of  the  anal  canal  should  be  incised  in  order  to  convert  the  fistula  into 
a  complete  tear.  The  track  of  the  fistula  can  then  be  completely  excised, 
and  the  rectal  wall,  perineum,  and  vagina  repaired  by  separate  layers  of 
interrupted  sutures.  Fine  catgut  is  used  for^  all  sutures  except  those  on 
the  surface  of  the  perineum,  which  are  of  silkworm-gut.  A  fistula  in 
the  middle  or  upper  vagina  may  be  repaired  by  separation  of  the  two 
layers  of  mucosa,  and  sutures  infolding  the  one  layer  into  the  lumen 
of  the  rectum  and  the  other  into  the  lumen  of  the  vagina  apposing  the 
raw  surfaces.  Colostomy  is  never  necessary  for  the  cure  of  a  low 
recto-vaginal  fistula,  hut  a  fistula  in  the  posterior  fornix  will  probably 
require  laparotomy. 
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l.-DEFINITION 

{Synonym. — Pertussis) 

1613.]  Whooping-cough  is  a  specific  infective  disease  deriving  its 
name  from  its  main  symptoms,  a  paroxysm  of  short  coughs  tollowed. 
by  a  crowing  inspiration.  The  disease  is  essentially  an  inflaimnation  ol 
the  trachea  and  larger  bronchi. 


2.-AETIOLOGY 

The  cause  of  -whooping-cough  is  a  small  Gram-negative  bacillus, 
Haemophilus  pertussis  (bacillus  of  Bordet  and  Gengou),  the  responsi¬ 
bility  of  -which  for  the  disease  has  been  established  on  the  following 
grounds :  (i)  the  organism  can  be  recovered  from  patients  -with  whooping- 
cough  but  is  not  found  in  healthy  persons;  (ii)  the  blood  of  those  "who 
have  had  whooping-cough  contains  bodies  which  agglutinate  JT.  per- 
tussis  and  give  a  complement-fixation  reaction  to  it;  and  (iii)  applica- 
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tion  of  the  living  organism  to  the  nasopharynx  of  a  susceptible  person 

produces  an  attack  of  whooping-cough. 

Both  sexes  are  equally  susceptible  and  the  infection  can  occur  at  IncUknce 
any  age.  Its  greatest  incidence  is  in  childhood,  probably  because  most 
adults  have  acquired  immunity  either  as  a  result  of  attack  or  through 
repeated  minor  infections.  Young  babies  are  liable  to  infection  and 
the  apparent  rarity  of  the  disease  in  early  infancy  is  due  to  the  fact  that 
the  symptoms  are  not  usually  typical  at  that  age.  An  attack  of  whooping- 
cough  conveys  an  immunity  which,  without  being  complete,  is  sufficient  Immunity 
to  ensure  thut  second  attucks  are  rare. 

The  incubation  period  varies  from  one  to  three  weeks.  When  another  incubcithyn 
disease,  such  as  pneumonia,  is  present  at  the  same  time  the  earlier 
symptoms  may  be  masked  and  develop  only  after  improvement^  in 
the  concurrent  illness.  Such  a  prolongation  of:  the  time  ofc  incubation 

is  apparent  and  not  real.  Although  the  period  of  infcctivity  is  different 
for  each  patient,  it  is  a  sate  rule  to  consider  a  patient  infective  toi 
six  weeks  from  the  time  of  the  first  whoop.  After  that  he  may  safely 
mix  with  susceptible  children,  even  though  his  paroxysms  continue. 

If  facilities  for  bacteriological  examination  are  available  it  may  be 
possible  to  prove  the  absence  of  //.  pertussis  before  the  six  weeks  have 
elapsed  and  to  curtail  the  period  of  isolation  (see  also  p.  619). 


3.-BACTERIOLOGY  AND  MORBID  ANATOMY 

Physical  examination  may  help  little  in  establishing  a  diagnosis  but 
laboratory  invcsligatioii  brings  considciablc  aid  in  doubtlul  c.iscs.  By 
suitable  methods  the  bacillus  causing  (he  disease  may  be  recovered 
in  the  earlier  stages  and  this  provides  the  most  conclusive  test.  //. 
periitssts  grows  on  a  polato-lactic-acid-bUH>d-agai  iticditim.  11  this  is  ■ 
put  up  in  Petri  tlishes  and  cxiiosed  to  an  infected  patient  during  a 
bout  of  coughing,  colonics  ol  Ihc  organisiii  can  be  grown.  1  he  use 
of ‘congh-plalcs’'  may  become  a  routine  method  of  diagnosis  and 
determining  the  period  of  infeetiveness  in  imlivitlual  cases.  Ihc  tost  is 
widely  used  abroad;  in  this  country  Smith  demonstrated  its  utility  in 
a  boys’  school  both  for  recognition  <»f  early  or  mild  cases  and  lor  making 
possible  a  speedy  return  to  sehuol  of  those  whose  period  of  infcctivity 

is  short.  _  .  ,  ,  ,  , 

fn  the  catarrhal  aiul  early  spasmodic  stages  of  whooping-cough  there  iikwd count 

is  an  alteration  in  Ihc  while  blouil  count.  1  he  total  number  ol  while 

cells  is  increased,  the  increase  being,  made  iqi  almost  entirely  of  lympho-  i.ymphm 

cytes  which  may  number  l-YOdO  t<>  dl),lH)0  per  e.ium.  Such  a  blood  O'KO'w 

count  in  conjunctioii  with  a  sug.geslive  cough  g.ivcs  reasonable  giounds 

for  a  diagnosis  rrf  wiiooping.-cough. 

As  the  disease  progresses,  the  patient’s  blood  acquires  eoniplcmenl-  fomniftnmtt- 
lixation  substances,  ag,g,lutinins  aiul  preeipilins  against  II. 

Because  they  do  not  reach  their  full  amount  until  the  fourth  to  the 
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sixth  week  of  the  disease,  tests  for  their  presence  can  hardly  be  utilized 
as  a  diagnostic  measure,  though  such  tests  have  their  use  in  assessing 
the  success  of  prophylactic  treatment  with  vaccines  or  in  determining 
whether  any  individual  has  a  natural  iimiiunity  to  whooping-cough. 
The  same  objection  can  be  made  to  the  cutaneous  reaction  to  small 
doses  of  H.  pertussis  v^hidi  is  observed  only  in  the  later  stages  of  ^  the 
disease  and  for  some  months  afterwards.  The  erythrocyte  sedimentation- 
rate  increases  in.  whooping-cough,  though  not  in  proportion  to  the 
severity  of  the  disease.  This  relatively  small  increase  in  the  sedimcn,tation- 
rate  may  sometimes  be  of  service  in  coiilirming  a  diagiiosis. 

The  anatomical  changes  produced  by  whooping-cough  as  opposed 
to  its  complications  are  not  as  a  rule  striking.  Ihe  body  oi  a  child 
dead  of  uncomplicated  whooping-cough  shows  some  reddening  of  the 
trachea  and  larger  bronchi.  If  death  has  taken  place  early  in  the  illness, 
suitably- stained  sections  of  the  trachea  show  Haemophilus  pertussis 
lying  closely  packed  under  the  lining  membrane.  Later  in  the  illness 
the  lungs  are  studded  with  recently-formed  emphysematous  bullae. 
The  rupture  of  such  a  bulla  into  the  mediastinal  fold  of  the  pleura  on 
occasions  gives  rise  to  gross  surgical  emphysema  extending  up  under 
the  skin  of  the  neck  and  face.  Such  an  occurrence,  though  by  no 
means  always  fatal,  loads  to  post-mortem,  manifestations  as  typical  as 
those  it  gives  rise  to  in  life.  Less  trequently  an  emphysematous  bulla 
bursts  into  the  pleural  cavity  leading  to  pneumothorax  with  collapse 
of  the  affected  lung.  In  fatal  cases  in  young  children  and  babies,  multi  ple 
small  haemorrhages  are  sometimes  found  scattered  over  the  meninges 
and  in  the  substance  of  the  brain  and  spinal  cord. 


4-CLINICAL  PICTURE 

An  attack  of  whooping-cough  starts  insidiously.  Symptoms  in  the 
first  days  are  not  unlike  those  of  a  cold  in  the  head.  The  catarrhal 
stage  lasts  from  three  to  ten  days,  towards  the  end  of  which  time 
cough,  rather  than  running  from  the  nose,  begins  to  dominate  the 
picture.  Physical  examination  reveals,  at  most,  reddening  of  the  throat 
and  occasional  coarse  rSles  over  both  lungs. 

The  occurrence  of  a  typical  cough  marks  the  transition  from  the 
mn  catarrhal  to  the  spasmodic  stage.  The  paroxysm  has  easily  recognized 
features.  Often  it  is  brought  on  by  some  act  such  as  that  of  swallow¬ 
ing,  crying,  or  gagging.  The  patient  gives  a  series  of  short  sharp  coughs 
during  the  course  of  a  single  expiration.  The  series  lasts  longer  than 
would  seem  possible  in  one  breath  and  towards  its  end  the  patient 
shows  signs  of  distress.  His  colour,  first  red,  changes  to  blue;  the 
eyes  water,  become  injected,  and  start  out  from  the  head.  The  tongue 
projects  and  saliva  dribbles  from  the  mouth.  The  veins  of  the  neck 
are  distended.  When  at  last  the  cough  stops,  the  patient  draws  in  his 
breath  with  a  typical  whoop.  The  process  is  usually  repeated  twice 
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or  thrice.  A  plug  of  mucus  is  sometimes  brought  up  at  the  end  of 

the  attack.  The  stress  of  the  pai  oxysm  usually  leads  to  emptying  of  the  Vomiting 

stomach,  especially  if  it  takes  place  during  or  soon  after  a  meal.  An 

immediate  effect  of  an  attack  may  be  a  convulsion  or  a  transitory  loss  Convulsion 

of  appreciation  of  place  and  time.  Always  after  a  severe  bout  of  coughing 

the  patient  sinks  back  pale  and  exhausted,  ft  is  surprising  how  quickly 

this  phase  passes  and  the  child  resumes  his  interrupted  occupation. 

There  is  considerable  variation  both  in  the  frequency  of  the  bouts  of  Incidence  of 
coughing  and  the  period  over  which  they  persist.  In  a  severe  case  they 
may  occur  as  often  as  once  every  hall-hour,  though  it  is  uncommon 
to  hear  more  than  twenty-four  in  as  many  hours.  The  more  fortunate 
patients  escape  with  a  quarter  that  number,  even  at  the  height  of  the 
disease.  The  duration  of  liability  to  bouts  of  coughing  varies  from  a 
few  days  to  several  months.  An  average  duration  is  Irom  tour  to  six 
weeks.  The  weather  has  some  inlluencc  on  the  length  of  the  illness, 
for  whooping-cough  in  the  winter  is  liable  to  last  longer  than  an  attack 
of  the  same  severity  contracted  in  the  summer,  probably  because  of 
the  prevalence  of  other  respiratory  infections  in  the  colder  months. 

Other  respiratory  infections  lead  not  only  to  the  prolongation  but  nf/uence  cf 
also  to  the  recurrence  of  the  symptoms  of  whooping-cough.  'I'hus  a  'll, ions  of 
child  who  has  recovered  from  whooping-cough  and  develops  pneu-  cough 
monia  six  months  later  sometimes  starts  to  whoop  again.  Such  a  patient 
is  not  infective  during  the  relapse.  Ibis  is  a  point  ol  considciablc 
importance  in  the  management  of  a  children’s  ward.  Isolation  is  not 
necessary  for  a  patient  who  whoops  if  it  is  known,  without  any  doubt, 
that  he  has  recovered  from  an  attack  of  whooping-cougli  within  the 
previous  twelve  months. 

The  symptoms  of  whooping-tanigh  are  not  always  so  characteristic 
as  those  just  described.  Up  lo  the  ago  of  a  year  babies  rarely  whoop, 
though  the  paroxysm  of  coughini',  is  otherwise  the  same  tis  in  oldci  Syiiipioms 
children.  Vomilini’,  is  perhaps  more  prominent  in  inlancy  than  in  the 
older  patients.  The  eouj'h,  even  without  the  whoop,  can  be  easily 
recognized  and,  as  long  as  it  is  mulerstooil  th:it  ahseiiec  of  the  whoop 
does  not  affect  the  diag.nosis,  dilliculty  does  not  arise  on  this  score. 

More  confusing  arc  those  cases  in  which  the.  eougji  is  suppressed  by 
some  severe,  concurrent  illness.  Only  too  often  a  patient,  convalescent 
from  pneumonia  or  acute  otitis  media,  starts  to  whoop  and  events 
prove  that  he  was  infective  lon.n,  before  the  diagnosis  of  pertussis  could 
be.  made.  Hesiiles  these  simple  variations  in  the  symptoms,  cases  have 
been  rcirorted  in  which  paroxysms  of  sneezing,  have  taken  the  place  Sucezutg 
ofthemore  usual  cou.gh  ( Moncrielf  and  I.ighlwood).  Very  young,  habics 
may  have  a  form  of  the  disca.se  resembling,  encephalitis  more  than  a 
respiratory  inlcdion. 

'fhe  scanty  physical  signs,  the  scarcity  of  which  in  the  catarrhal  stage  is  Pl,y^ral 
mentioned  on  page  618,  are  hardly  nuue  helpful  in  tlie  paroxysmal  stage 
in  establishing  a  diagnosis,  luirlv  in  the  illness  there  is  lever,  though  the 
temperature  rarely  exceeds  I  Off  1 '.  In  infancy  there  is  a  inarkwi  rise  in  the  mic 
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rGspiriitory  rjitc  iitthc  onset.  Xhe  conjunction  ol  <i  low  lever  with  u  dis¬ 
proportionately  high  respiratory  rate  sometimes  suggests  the  diagnosis 
before  the  occurrence  of  the  cough.  As  the  disease  develops,  the  patients 
have  pale  puffy  faces,  an  appearance  which  may  be  compared  to  that  seen 
in  parenchymatous  nephritis  or  in  leukaemia.  It  the  attacks  aie  iiec|uent 
and  the  lower  incisor  teeth  have  been  cut,  an  ulcer  can  often  be  seen 
on  the  under  surhice  of  the  tongue  in  front  of  the  frenum.  Examination 
Ulcer  on  of  the  lungs,  even  at  the  height  of  the  illness,  reveals  very  little.  There 
frenum  occasional  metallic  rales  best  heard  over  the  back.  In  some  cases 

there  is  evidence  of  enlargement  of  the  mediastinal  glands  shown  by 
impairment  of  percussion  note  between  the  scapulae  and  an  extension 
downwards  beside  the  upper  dorsal  spines  of  the  area  over  which 
whispering  pectoriloquy  can  be  heard.  Bronchitis  or  pneumonia  com¬ 
plicating  whooping-cough  add  their  own  manifestations  to  the  physical 
findings.  Towards  the  end  of  the  illness,  except  when  the  attack  has 
been  very  mild,  a  greater  or  less  degree  of  emphysema  of  the  lungs 
develops  and  can  be  detected  for  weeks  or  months  afterwards.  Similarly 
dilatation  of  the  venules  in  the  skin  of  the  cheeks  and  over  the  back 
of  the  chest  is  common  in  the  later  stages  of  the  disease  and  this, 
Haemor-  too,  persists  for  some  months.  Occasionally  there  occur  in  wliooping- 
rhages  cough  haemorrhages  from  the  rupture  of  small  blood-vessels  in  the 

conjunctivae  or  even  in  the  skin  of  the  face. 


5.-COMPLICATIONS  AND  SEQUELAE 

Complications 

Bronchitis  The  commonest  complication  of  whooping-cough  is  bronchitis.  This 
is  understandable  in  view  of  the  nature  of  the  disease  and  the  oppor¬ 
tunity,  especially  during  the  winter  months,  to  acquire  a  superadded 
infection.  Bronchitis  may  prolong  the  symptoms  but  except  in  infancy 
and  in  old  age  it  hardly  adds  to  the  risk  of  the  illness. 

Pneumonia  Secondary  pneumonia  is  a  more  serious  complication.  The  infection 
spreads  out  from  the  bronchi  and  bronchioles  to  the  adjacent  alveoli 
in  the  manner  described  by  McNeil,  Maegregor,  and  Alexander.  The 
resolution  of  the  pneumonia  is  not  immediate  but  by  a  process  of 
fibrosis,  leading  to  prolonged  illness.  Secondary  pneumonia  is  one  of 
the  fatal  complications  of  whooping-cough. 

Hardly  less  serious  is  the  effect  of  whooping-cough  on  an  under- 
Effecton  lying  tuberculous  infection.  By  the  age  of  five  many  town-dwelling 
pulmonary  children  have  had  a  tuberculous  infection  of  their  lungs.  In  normal 
circumstances  the  result  of  the  infection  is  seen  only  as  a  primary 
(Ghon)  focus  and  a  greater  or  less  involvement  of  the  glands  of  the 
root  of  the  lung  and  mediastinum.  Whooping-cough  allows  such  latent 
infection  to  become  active.  The  morbid  process  in  the  affected  gland 
lights  up  and  tends  to  spread  into  the  surrounding  tissues.  Hence  a 
massive  tuberculous  involvement  of  the  lung  or  a  generalized  spread 
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of  tuberculosis  from  a  previously  dorniaiit  infection  must  be  regarded 
as  a  direct  coinplication  of  whooping-cough. 

Convulsions  may  be  a  concomitant  of  tlie  disease  but  more  serious  Complications 

disorders  of  the  nervous  system  are  sometimes  seen.  Haemorrhages  system 
into  the  brain,  especially  during  early  infancy,  may  complicate  the 
picture.  More  confusing  is  the  coma  seen  in  young  babies.  Physical 
examination  suggests  inllammation  of  the  brain  but  after  death  the 
findings  are  at  most  multiple  small  haemorrhages  round  the  vital 
parts  of  the  brain-stem. 

Disturbance  of  digestion  is  typical  of  the  disease.  In  the  very  young  Digestive  ^ 
vomiting  and  diarrhoea  exceed  the  degree  expected  from  the  cough. 

The  condition  is  one  of  secondary  gastro-enteritis  which  on  its  own 


account  may  prove  latal. 


Sequelae 

The  sequelae  follow  from  the  complications.  Secondary  pneumonia 
may  lead  to  fibrosis  of  the  lungs,  empyema,  or  bronchiectasis,  and  the 
latter  in  its  turn  to  a  cerebral  abscess.  Damage  to  the  central  nervous 
system  by  hacmorrliagc,  if  not  fatal,  may  be  perpetuated  as  a  spastic 
paralysis.  Exacerbation  of  tuberculosis  of  the  lungs  or  mediastinal 
glands  may  give  rise  to  invalidism  long  aflcr  the  whooping-cough  has 
disappeared. 


6.-PROGNOSIS 

The  risk  to  life  from  an  uncomplicated  attack  ol' whooping-cough  in  a 
healthy  child  more  than  a  year  old  and  in  good  surroundings  is  slight. 
Under  that  age  and  in  old  age  the  disease  is  often  fatal.  The  danger 
of  the  disease  in  childhood  is  rather  through  its  complications,  such  as 
pneumonia  and  tuberculosis.  I'or  the  same  reason,  later  heallh  may 
be  impaired.  The  chance  of  disabilKy  IVom  chronic  pulmonary  disorder, 
both  tuberculous  and  non-luberculous,  makes  whooping-cough  one 
of  the  most  dangerous  of  the  provenlablc  diseases. 


7.-DIAGNOSIS  AND  Dn'l'I'iRIvN'riAlv  DIAGNOSIS 

Typical  whoopini’-coujdi  can  hardly  be  confused  wilh  any  oilier 
illness.  Diagnosis  is  mailc  either  by  hearing  the  coui’h  or  by  recovcriii!', 
the  causal  organism.  In  the  minority  r>f  cases  suspicion  aroused  by  a 
cough  is  confirinetl  by  one  or  other  ol'  the  clinical  or  laboratory  investi¬ 
gations  outlined  above.  Dillieulty  in  correct  diagnosis,  however,  does 
arise  in  the  less  characleristic  cases. 

The  pallor,  especially  when  associated  with  a  hipji  lyanphoeyte  Dmi, lasts 
count,  may  su}.»|»esl  a  diagnosis  ot  lymphatic  leukaemia.  Absence  ot 
Splenomegaly  and  of  adenitis  helps  to  distininiish  wiioopinprcoui'h.  Icuk^miu^ 
Mediastinal  ajands  enlarged  by  tubereulosis  or  i loily.kiifs  disease 
and  pressing  on  the.  trachea  sonietifues  cause  a  paroxysmal  cough  ^^lamls 
very  like  wiiooping-eough,  but  nt>t  liaving  an  actual  whoop.  A  radio- 
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graph  of  the  chest  which  shows  the  presence  of  the  enlarged  glands 
will  help  to  distinguish  whooping-cough  from  the  other  two  dis¬ 
eases.  A  differential  blood  count  will  often  show  an  cosinophilia  in 
Hodgkin’s  disease  or  an  altered  lymphocyte-monocyte  ratio  in  tuber¬ 
culosis;  these  features  are  lacking  if  the  disease  is  whooping-cough, 
which  has  itself  a  characteristic  blood  picture  already  mentioned.  In 
whooping-cough  the  erythrocyte  sedimentation  rate  is  increased  but 
little;  in  tuberculosis,  and  still  more  in  Hodgkin  s  disease,  the  rate 
tends  to  be  very  high. 

Diagnosis  in  In  young  babies  difficulty  is  encountered  if  the  symptoms  are  wholly 

infants  cerebral  or  wholly  alimentary.  In  the  former  event  examination  of  the 
cerebrospinal  fluid  helps  to  exclude  other  disorders,  though  if  the  lluid 
is  blood-stained  doubt  may  remain  tor  a  time.  Oastro-enteritis  aiising 
from  whooping-cough  may  be  identified  it  a  culture  of  the  //.  pertussis 
is  obtained,  but  often  it  is  the  course  of  the  illness  rather  than  any 
specific  test  which  discloses  the  underlying  cause. 


8. -TREATMENT 

Preventive 

Isolation  Isolation  of  patients  with  whooping-cough  does  not  ellectivcly  stop 
the  spread  of  the  disease  tor  patients  are  infective  in  the  early  catarrhal 
stage  and  in  many  the  attack  is  so  mild  that  it  cannot  be  recognized. 
Prophylactic  Prophylaxis  by  means  of  vaccines  has  in  the  past  given  uncertain 
vaccines  results  hut  more  information  is  now  available  about  the  type  of 
bacterium  to  be  used,  the  doses  to  be  given,  and  the  time  that  must 
elapse  before  protection  is  present.  The  vaccine  must  be  made  from  a 
recently  recovered  strain  of  H.  pertussis  which  has  been  cultured  on  a 
medium  containing  blood  (phase  1  organism).  If  large  doses  are  to  be 
used  the  blood  in  the  medium  should  be  human  to  prevent  reactions. 
Two  types  of  vaccine  are  in  use.  The  first  is  an  emulsion  of  the  bacteria 
killed  by  heat,  the  second  the  products  obtained  from  grinding  up 
live  bacteria.  The  tendency  is  to  give  as  large  doses  as  can  be  tolerated 
without  a  local  or  general  reaction.  Sauer  recommended  twenty  or 
thirty  thousand  million  bacteria  given  at  weekly  intervals  for  three 
weeks.  Others  have  obtained  satisfactory  protection  with  rather  smaller 
doses.  After  such  treatment  antibodies  take  from  two  to  six  weeks  to 
appear  in  the  blood.  The  vaccine  must  therefore  be  given  at  least  that 
time  before  exposure  if  the  patient  is  to  he  protected.  Even  when  these 
conditions  are  fulfilled  the  protection  is  not  always  complete,  but  if  an 
attack  of  whooping-cough  does  occur  later  it  tends  to  be  short  and  mild. 
Convalescent  The  results  obtained  from  attempts  to  give  contacts  a  passive  immunity 
serum  6y  the  injection  of  convalescent  serum  have  been  disappointing  and  in 

its  present  form  this  method  is  useless.  I  have  found  very  small  doses 
of  vaccine  have  offered  the  best  method  of  protecting  contacts.  Three 
million  bacteria  followed  two  days  later  by  five  million  are  given 
starting  as  so  on  after  exposure  as  po  ssible.  On  nine  occasions  susceptible 
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patients  in  a  children’s  ward  have  been  treated  in  this  way  after  the 
discovery  of  a  case  of  whooping-cough  in  the  ward.  In  eight  instances 
there  were  no  secondary  cases  and  in  the  ninth  one  child  only  developed 
the  disease. 

SyiTiptofiuitic 

There  is  no  specific  treatment  of  whooping-cough.  Vaccines  and  con¬ 
valescent  serum  have  no  benelicial  cITect  once  the  disease  has  developed. 

The  patients  are  more  comfortable  in  the  open  air;  they  have  fewer  Environment 
paro-xysms  and  those  they  have  arc  shorter.  They  should  be  nursed 
out  of  doors  in  bed  during  the  febrile  stage  and  should  be  allowed 
up  to  play  outside  as  soon  as  the  fever  has  gone.  In  Great  Britain  it  is 
usually  impracticable  for  children  to  sleep  out  of  doors,  but  much  can 
be  done  for  them  at  night  by  having  windows  wide  open.  Clothing 
should  be  arranged  so  that  the  patients  do  not  feel  cold. 

Hot  food  and  coarse  residue-containing  food  tend  to  bring  on  attacks  Diet 
of  coughing  and  should  be  avoided.  Some  children,  though  not  all, 
tolerate  their  meals  best  if  these  arc  really  cold.  In  such  cases  ice  cream, 
iced  stewed  fruits,  and  junkets  should  be  used  to  vary  the  diet.  In  every 
case  during  the  height  of  the  paroxysms  milk  and  eggs  in  various  forms 
must  fonn  the  basis  of  the  diet.  Infants  must  be  given  enough  fluid  and 
for  a  week  or  two  llic  caloric  value  of  their  diet  may  be  neglected.  If 
diarrhoea  and  vomiting  arc  present  the  diet  must  be  modilied  to  control 
these  symptoms.  In  all  patients  a  liberal  allowance  of  food  must  be 
made  to  compensate  for  that  part  which  is  vomited. 

In  the  calarrlral  stage  of  whooping-cough  belladonna  gives  some  Divas 
relief  and  the  patient  should  be  given  full  doses  for  his  age.  In  the 
paroxysmal  stage  an  attempt  must  be  made  to  depress  the  cough  rellex.  For  coiiah 
A  linctus  of  syrup  of  tolu  and  oxymel  of  squill  containing  in  each  dose 
from  3  to  20  minims  of  camphorated  (inclure  of  opium  according  to 
age  is  sullicient  in  mild  cases.  In  babylurod  chloral  hydrate  3  grains  in 
syrup  can  he  used  to  promote  sleep.  In  older  patients  phenobarbitone 
in  closes  of iu'ain  once  to  three  times  a  day  often  reduces  the  number 
of  paroxysms.  Ether  in  olive  oil  I'.ivcn  per  rectum  has  been  used  to 
diminish  the  number  of  paroxysms.  Often  its  efl'eel  is  disappointing, 
though  occasionally  it  works  well.  It  is  a  treatment  best  reserved  for 
young  ptitients  in  whom  exhaustion  is  becoming,  exti'cme.  The  very 
multiplieity  of  other  remedies  for  whooping.-etnigh  is  evidence  that 
none  is  wholly  elTeetive  in  alleviating,  the  tlistressini-,  symptoms. 

Besides  treatment  directed  towtirds  the  svmptoms  the  patients  should  hrventiim  of 

’  .  .  .  i-v  I'  *  T\*  i  1  r  i  ‘  ^  u.  afniplieatwm 

be  given  help  in  warchne.  oil  coiuj'ilications.  Diet  and  iresh  an  can  be 
reinforced  with  large  doses  of  vitamins  A  and  B.  'The  natural  forms  of  Viiamm 
vitamin  A  in  lislr-livcr  oil  may  be  nauseating,  and  it  is  best  olfered  in 
a  tasteless  concentrate,  h'imdlv,  after  tlie  inteetive  period  is  over,  the 
patient  should  be  sent  for  a  luhiday  to  encourage  complete  healing 
of  the  inllanied  pulmonary  aiul  mediastinal  lynudt  glaiuis. 

I'vidcnce  is  accumulating,  (hat  by  gixiug,  sulpha nilamide  or  its 
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Suiph-  derivatives  the  complications  of  whooping-cough  can  be  mininrized. 

amlamde  Sulphanilamide  has  not  been  shown  to  cut  short  the  illness  itselt.  There 

is  undoubtedly  scope  for  this  group  of  drugs  in  treating  the  secondary 
eifects  of  whooping-cough.  Caution  must  be  observed  in  theii  applica¬ 
tion.  Sulphanilamide  is  a  potent  drug  but  it  has  some  disadvantages. 
It  is  possible  that  its  later  ill-effects  on  kidneys  and  gonads  are  not 
yet  fully  known,  and  that  until  they  are  its  wholesale  application  to 
prevent  conrplications  of  whooping-cough  cannot  be  recommended. 

Although  the  treatment  of  the  disease  is  largely  palliative,  much  can 
be  done  both  to  prevent  severe  attacks  of  whooping-cough  and^  to 
avoid  disastrous  after-effects  and  there  is  room  for  wider  application 
of  these  principles. 
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WILSON’S  DISEASE 

See  Dermatitis,  Exfoliative,  Vol.  HI,  p.  619;  and 
Hepato-Lenticular  Degeneration,  Vol.  VI,  p.  443 


WOOLSORTERS’  DISEASE 


See  Anthrax,  Vol.  I,  p.  629 


WRITERS’  CRAMP 

Sec  Cramp,  Vol.  Ill,  p.  455 


WRY-NECK 

See  Torticoi.ijs,  p.  48 


XANTHOMA  AND 
XANTHEl.ASMA 

See  Skin  Disixsiis:  'Fumours,  Vol.  XI,  p.  257 


XAN'niOMAI'OSlS 

See  F.ii’()li)(isi  s,  Vol.  Vlll,  p.  (>X 
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Reference  may  also  be  made  to  the  following  title: 

BRONZING  OF  THE  SKIN 


1 -DEFINITION 

{Synonyms.-— XQwdtrnn  pigmeatosum;  dermatosis  Kaposi;  lentigo 
maligna;  atrophoderma  plgmeatosuni) 

1614.]  Xerodermia  pigmentosa  is  a  rare  congenital  disease  showing 
both  atrophic  and  liypertrophic  changes  in  the  skin,  particularly  in  the 
areas  exposed  to  sunlight.  Malignancy  ultimately  supervenes. 


2 -AETIOLOGY  AND  MORBID  ANATOMY 

Incidence  This  disease,  originally  recognized  by  Kaposi,  is  a  great  rarity,  par¬ 
ticularly  in  Great  Britain.  The  first  signs  generally  beconie  evident 
before  the  victim  has  reached  the  age  of  2  years.  Later  onset  is  very 
unusual,  indeed  the  great  majority  of  the  affected  children  are  attacked 
during  early  infancy.  The  malady  shows  definitely  familial  features.  The 
incidence  in  the  two  sexes  is  equal  but  it  is  usual  for  only  one  sex  to  be 
affected  in  one  family.  In  spite  of  this  well  marked  congenital  factor 
the  disease  is  not  hereditary.  Parental  consanguinity  is  present  in  11*8 
per  cent  of  cases.  Associated  paralyses  and  paroxysmal  haemoglobinuria 
have  been  described. 

Pathogenesis  For  years  clinical  experience  indicated  that  sunlight  played  a  part  in 
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the  causation  of  this  disease  and  recent  work  has  provided  even  more 
exact  knowledge.  Rothman  proved  that  no  sensitizing  substances  can 
be  extracted  from  the  urine  and  that  no  sensitivity  can  be  translerred 
to  animals  by  the  injection  of  a  patient’s  blood.  Thus  it  would  seem 
that  the  malady  is  not  due  to  a  metabolic  disorder  such  as  is  seen 
in  hydroa  aestivalc.  The  same  author  discovered  that  exposure  ol  the 
unaffected  skin  of  one  case  to  ultra-violet  rays  gave  rise  to  a  long¬ 
standing  erythematous  reaction  and  ultimately  to  telangiectases  and 
warts;  visible  light  rays,  heat  rays,  and  X-rays  did  not  cause  any 
changes.  In  Lynch’s  case  there  was  not  any  sensitivity  to  radiations  of 
wave  lengths  longer  than  .110  millimicrons  (()-.3 10/<.).  As  few  radiations 
shorter  than  297  millimicrons  (0-297//.)  reach  the  earth’s  surlacc  it 
would  seem  that  the  important  sensitizing  range  lies  between  these 
figures  (for  wave  lengths  of  the  various  parts  of  the  solar  spectrum 
see  Vol.  I,  p.  182,  and  Vol.  VI,  p.  386).  The  same  wave  lengths,  however, 
may  not  be  responsible  for  the  changes  in  all  cases,  as  Bertaccini 
obtained  a  reaction  by  exposure  to  soft  X-rays.  The  mode  ol  action 
of  the  rays  is  not  known,  but  it  seems  that  they  act  physically  upon 
congenitally  abnormal  cells. 

Whether  or  not  there  is  an  underlying  defective  innervation  is  unknown; 
it  is,  however,  unlikely  because  the  distribution  of  the  eruption  always 
corresponds  to  tltc  areas  of  expusui'c  both  in  this  disease  and  in  the 


very  similar  biotripsis. 

The  histological  picture  shows  a  thiekened  horny  layer  over  a  thick 
hyalinized  layer  of  epithelial  cells,  fusion  of  which  often  renders  them  “  '  "  ■ 
completely  indistinguishable.  The  Malpighi.an  ami  germinal  eel!  layers 
are  highly  atrophic.  In  the  early  stages  (here  is  a  small-eelled  inliltration 
in  the  papillary  layer  and  lamml  the  aiinexa.  Later  the  loilieles  and 
sweat-glands  atrophy.  Ifig.meut  is  present  in  most  parts  of  the  skin 
including  the  corium  and  partieidarly  in  the  basal  layer.  The  while 
fibrous-tissue  is  also  alrophicil  hut  the  amount  of  elastic  fibres  is 
increased;  llie  most  common  vessels  seen  are  dilated  \enules.  Ulcera¬ 
tions,  pyogenic  i niect ions,  warts,  and  I'a rei nomas  are  all  typical  ser|uelae 
though  mixed  basal-  and  siiuanuuis  celled  g.rowihs  are  sometimes  seen. 

Pure  basal-eelleil  Ininotirs  occur  occasionally  and  melanotic  carcino¬ 
matous  deposits  have  been  found  in  the  liver  at  necropsy. 


3.-(:i,lNI('.AL  PK'.rURI' 

In  a  typical  ease  six  dilferent  lesions  cover  the  exposed  areas  of  the  Hhtrihuthm 
body,  i.e.  the  whole  ol  the  lace  ami  neck  and  the  inuuedialelv  arljai'cnl 
upper  parts  of  the  (.‘hesl  and  hack,  the  lower  thiixls  ol  the  arms  aiul 
the  whole  of  the  fore.arms,  being,  rather  less  marked  on  their  inner 
surfaces,  and  also  on  the  dorsal  aspects  ot  the  haiuls  and  lingers.  I  he 
distribution  over  the  legs  ami  leel  correspouvls  to  that  over  tin*  np[>ei 
limbs,  but  the  thighs  are  only  occasionalK  involved. 


628 


[VOL.  XII 


'^[gmented 

latches 


Atrophic 

spots 


Eye 

symptoms 


Telangi¬ 

ectases 


Ulceration 


Warts 


Carcino¬ 

matous 

changes 


Atypical 

case^ 


Relation  tc 

other 

conditions 


XERODERMIA  PIGMENTOSA 

The  first  signs  often  consist  ot  erytheniii  hikI  oedenni  ultcr  the  child 
has  been  exposed  to  sunlight.  In  many  patients  this  stage  is  either 
absent  or  so  transient  as  to  escape  notice  and  in  them  the  litst  sign 
consists  of  freckle-like  pigmentation  thickly  covering  the  exposed  skin. 
The  individual  patches  vary  in  size  from  that  ot  a  pin’s  head  to  that 
of  a  bean  and  their  tints  range  between  a  pale  yellowish-lawn  and  a 
deep  sepia.  This  discoloration  persists,  increasing  in  density  until  the 
third  or  fourth  year  of  life.  About  this  time  it  is  noticed  that  the  skin 
is  thin,  dry,  and  rough,  bearing  the  minute  exfoliative  flakes  generally 
associated  with  dryness.  There  are,  however,  no  signs  of  true  ichthyotic 
xerodermia. 

Small  white  spots  of  atrophy  now  become  evident  among  the  patches 
of  pigment.  They  occur  in  relatively  small  numbers  but  tend  to  be 
more  numerous  and  to  coalesce  on  the  checks  immediately  below  the 
eyes.  Here  larger  areas  of  white  shining  scars  gleam  against  the  brown 
background.  These  atrophic  disks  have  sometimes  been  noticed  before 
either  erythema  or  pigmentation  has  occurred,  but  they  are  generally 
detected  at  this  stage  of  the  disease. 

By  this  time  hyperaemia  of  the  conjunctivae,  blepharospasm,  and, 
photophobia  attract  attention  to  the  eyes.  Ulceration  is  not  uncommon, 
together  with  haziness  of  the  cornea. 

During  the  next  few  months  striate  and  stellate  telangiectases  develop 
not  only  interspersed  with  the  pigmented  patches  but  also  sometimes 
on  the  white  areas  where  their  colour  stands  out  sharply.  The  punctate 
dilated  vessels  may  form  tiny  convex  domes  on  the  skin. 

When  the  atrophic  changes  in  the  epidermis  have  rendered  it  thin, 
ulceration  results  from  direct  trauma  and  also  from  irritation  or  direct 
pus  inoculation  from  the  ocular  discharges.  The  ulcers  arc  chronic, 
superficial,  and  covered  by  yellowish  or  greenish  crusts.  After  they  have 
healed  the  scars  may  contract  and  produce  ectropion  and  considerable 
disfigurement. 

By  the  time  the  patient  is  8  years  old  many  small  warts  have  appeared 
which  in  their  general  features  resemble  early  senile  warts  and  are 
scattered  irregularly  over  the  affected  surfaces,  always  arising  on  the 
‘freckles’. 

Carcinomatous  changes  now  rapidly  supervene,  the  growths  develop¬ 
ing  directly  from  warts  or  ulcers,  particularly  round  the  eyes  and 
mouth.  The  masses  are  usually  red  and  fungating  but  may  he  ulcerative. 
Very  rarely  one  or  two  of  such  squamous-celled  growths  resolve, 
steady  progression  being  the  rule.  The  glands  become  affected  with 
the  result  that  death  generally  occurs  before  the  age  of  twelve. 

Such  is  the  inevitable  sequence  of  events  in  the  great  majority  of 
cases,  but  a  few  individuals  have  survived  for  many  years  with  occasional 
intermissions  of  quiescence.  Rare  mild  cases  occur  in  which  the  signs 
are  almost  limited  to  the  ‘freckles’. 

’  In  a  very  few  recorded  examples  the  disease  started  suddenly  late  in 
life  and  these  patients  may  form  a  connecting  link  between  this  malady 
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and  the  condition,  so  commonly  seen  in  the  skins  olMhose  who  have 
been  much  exposed  to  sun  and  weatlicr.  In  such  individuals  iitrophic 
spots,  pigmented  patches,  telangiectases,  warts,  and  even  squanioiiS" 
celled  carcinomas  arc  seen  on  exposed  surfaces  and  in  particular  on 
the  backs  of  the  hands.  This  is  the  condition  to  which  CJica.tlc  gave  the 
name  'biotripsis’  or  life  wear'  (see  also  VoL  HI,  p.  61 1,  and  Vol.  XI, 
pp.  205  and  233)  and  it  is  identical  with  the  fscamaiVs  skirf  of  Unna. 
In  xerodermia  pigmentosa  tlic  same  five  changes  are  present  and,  in 
addition,  iilccratiom 


4-TR:ilAT'Mh:NT 

Treatment  may  be  divided  into  two  distinct  parts.  If  the  patient  is 
seen  before  serious  da.magc  lias  occurred,  protection  ol  the  skin  and 
eyes  is  essenlial.  I’o  this  end  darkened  rooms  aiu!  various  coloured 
veils  have  been  used.  Tinted  glasses  must  he  worn  and  the  skin  may 
be  covered  with  a  paste  containing  burnt  umber  or  10  per  cent  of  (piininc 
sulphate  in  a  basis  o('  soil  paralFm,  or  10  per  cent  tannic  aciil.  I’hc 
patient  should  not  be  allowed  out  of' the  house  in  hriidd  sunlight  and 
even  at  other  times  should  shade  tlic  face  by  an  umbrella. 

Later  the  simpler  eye  chani’cs  and  iilccraiions  may  he  ti'eated  Ivy  idmil 
ordinary  antiseptic  melliods,  but  these  imisl  he  carried  out  rir.orously. 

Thus  diligent  bathing,  oi'  ihe  eyes  with  boric  aciil  lotion  and  the  dressing, 
of  ulcers  by  carholi/ed  lotions  arc  iruHcated. 

Warls  and  earlv  epitheliomas  of  lioth  types  must  be  tleall  with  tliur  •  I'rcdiment 
oughty  as  soon  as  they  appear,  lliev  may  l>e  cxciscii,  rait  they  also 
respond  well  to  ex[>ivsurc  to  radimu  or  X  ravs.  larger  growths  must 
be  removed  surgically  and  ulccratitui  into  tlic  ^liaiuhcr  ol  the  c\v 
dcmaiuls  enucleation.  Mucli  iclicf  can  be  afloi'drcl  Iw  thcsi*  measures 
althoug.h  the  ultimate  outlook  in  typical  cases  is  still  hopeless. 
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Rothman,  SM1923) 

Unna,  P.  G.  (1896)  The.Hlstoputlwhgy  oj  the  Skin,  transl.  by  N.  Walkei, 
Edinburgh,  p.  724. 

Whitfield  A  0911)  Section ‘Xerodermia  Pigmentosa,  System  oJ  Medicine 
(Allbutt;  i  C.,  and  Rolieston,  H.  D.).  2ncl  cd.,  Vol.  9,  p.  61 1. 


XEROPHTHALMIA 

See  Blindness,  Vol.  II,  p.  451;  Dietetic  Deticienoy 
Diseases,  Vol.  IV,  p.  57;  and  Vitamins,  p.  594 


YANGTSE  VALLEY  FEVER 

See  Bilharziasis,  Vol.  11,  p.  331 
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1 -nomenci-A'I'URe:  and  di:I'1nition 

1615.1  Amoai’,  E'ni’Jisli-spcakin!'  peoples  (he  leriii  yiivvs,  adaplcil  from  a  Symmyms 
native  word  in  tlie  West  Indies  (l.abal,  1(04),  is  in  general  use.  I'ram- 
boesia  (SauvaF.e,  17.50),  derived  IVoin  llie  F'reneh  word  frunihoisc  (a 
raspberry),  on  aeeount  <>1  tbe  rasplierry -like  appearance  ol  Llic  iyciical 
skin  lesions,  is  also  eoinnionly  eniployeil  by  Ereneb,  German,  and 
Rrilish  writers,  lliouf.h  the  name  more  often  found  in  E'reneh  literature 
is  pian.  In  South  America  aiul  other  coimlries  where  S|)anish  or 
Portuguese  is  spoken  the  designation  bubas  or  bouba  is  mure  common 
though  the  expressitm  appears  to  ineinde  alfet'tions  other  than  yaws.  A 
nuiltilude  of  other  names  e.sist  in  local  use  in  rlilferent  parts  of  the  world, 
of  which  the  best  known  are:  parang.i  (Ceylon),  bnena  (Burma),  puru 
(Malay),  palek  (Dutch  East  Indies),  eoko  (I'iji),  g.attoo  (West  Africa), 
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and  dubi  (Gold  Coast).  Some  American  writers  who  profess  to  be 
unable  to  distinguish  yaws  from  syphilis  speak  of  trcponeinatosis  to 

include  both  diseases. 

Definition  Yaws  is  a  Specific  contagious  disease,  wiclc-spread  among  the  native 
populations  of  warm  countries,  caused  by  Treponema  pertenue  (Caste!- 
lani,  1905),  characterized  by  an  initial  inoculatory  lesion  followed  by 
the  appearance,  in  successive  crops,  of  a  granulomatous  skin  eruption 
peculiar  to  the  affection  and  associated  with  bone  pain  and  othei 
general  symptoms,  and  sooner  or  later,  in  a  proportion  ol  cases,  by 
gummatous-like  lesions  of  the  skin  and  bone. 

Earliest  The  date  of  the  first  recognition  of  yaws,  as  in  the  case  of  many  other 
recognition  diseases,  is  uncertain;  probably  it  was  distinguished  as  a  clinical  entity 
in  the  latter  part  of  the  15th  century.  As  a  cause  of  invalidity  and  per¬ 
manent  disability  its  economic  importance  has  been  recognized  since 
Causal  the  beginning  of  the  slave  trade  between  West  Africa  and  America.  In 
organism  Aldo  Castellani  described  Treponema  pertenue  as  the  causal 

organism. 

2 -AETIOLOGY 

(1.) — Geographical  Distribution 

Tropica^  Framboesia  has  always  been  considered  to  be  essentially  a  tropical 
distribution  (jig^ase,  that  is  to  say  a  disease  restricted  to  the  belt  lying  between  the 
tropics  of  Cancer  and  Capricorn.  This  is  very  nearly  true  and  truer  still 
if  the  tropics  were  defined  by  the  isotherms  delimiting  a  tropical  climate 
together  with  heavy  precipitation.  Though  an  occasional  'imported’ 
case  may  appear  at  the  southern  coastal  ports  of  North  America  and 
even  in  Europe,  the  disease  is  nowhere  there  endemic. 

North  and  In  northern  Africa  yaws  does  not  occur,  Morocco,  Algeria,  Tunisia, 
South  Africa  Egypt^  and  the  northern  Sudan  being  exempt.  The  single  case  recorded 
from  near  Algiers  in  1901  as  belonging  'to  the  confused  group  of 
conditions  called  franiboesiform’  was  almost  certainly  not  a  case  of 
yaws.  A  dozen  cases  said  to  be  yaws  were  reported  in  1915  from  Tripoli. 
South  Africa  is  similarly  exempt  from  endemic  yaws.  The  exceptional 
outbreak  among  Johannesburg  miners  has  a  peculiar  significance  and 
is  referred  to  below  (see  p.  643).  Cases  have  also  been  reported  from 
Kimberley. 

Below  is  given  a  list  of  countries  belonging  to  tropical  Africa  with 
Tropical  some  figures  to  indicate  the  incidence  of  the  disease.  Sudan,  prevalent; 
Africa  records;  Senegal,  only  found  in  parts  of  Senegal  and  then 

in  small  numbers;  Gambia,  not  uncommon — in  1933,  403  cases  treated; 
Portuguese  Guinea,  no  records;  French  Guinea,  21,982  cases  treated  in 
1933  and  42,032  in  1934;  Sierra  Leone,  16,929  cases  of  yaws  in  1929: 
14,082  in  1930: 7,449  in  1931 :  5,891  in  1932;  it  was  estimated  that  24*7 
per  cent  of  the  population  of  the  Northern  Province  and  54*0  per  cent 
of  the  Southern  and  Central  Provinces  were  infected;  Liberia,  in  the 
hinterland,  80  per  cent  of  the  children  are  infected  and  30  per  cent  of 
the  adults  exhibit  ‘crab  yaws’ ;  Ivory  Coast,  very  wide-spread  in  the  forest 
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hinterland:  50,696  cases  treated  in  1933  and  68,581  in  1934;  Gold  Coast, 
1932-3,  34,544  males  and  27,653  females  treated;  Togo,  very  pre¬ 
valent'  25  982  cases  treated  in  1933  and  31,346  in  1934;  Dahomey, 

26  151  cases  treated  in  1933  and  25,738  in  1934;  French  Nigeria  and 
Sudan,  comparatively  rarely  recorded;  Nigeria,  80,136  cases  treated  in 
1932'  Cameroon,  33,754  cases  treated  in  1933  ,ind  42,064  in  1934, 
French  Equatorial  Africa,  prevalent  in  Gabon,  in  Ouesso  and  Nola, 
Moyen  Congo  and  Tchad  and  Oubanghi  Chari,  where,  in  1933,  20,000 
cases  were  treated;  Belgian  Congo,  43,773  cases  of  yaws  treated  in  1932; 
Smnaliland,  a  few  cases  have  been  reported;  Italian  Somaliland,  re¬ 
ported  as  wide-spread  in  1928;  Ruanda-Irundi,  very  prevalent:  103,711 
cases  recorded  in  1930:  92,050  in  1931:  80,126  in  1932;  Uganda,  in 
1932  43,773  cases  of  yaws  treated;  Kenya,  70,253  cases  treated  in  1927: 
86  6^17  in  1928:  89,615  in  1929;  Zanzibar,  4,659  cases  treated  in  1931: 
443?  in  1932'  5,935  in  1933;  Tanganyika,  74,638  cases  treated  in 
192V'  96,624  in  1926:  120,263  in  1927:  127,439  in  1928:  126,328  in 
1929: 137,ri2in  1930:  1 12,128  in  1931:  1 14,1 15  in  1932;  Portuguese  East 
Africa,'present  -n  ligures  available;  Nyasaland,  1,707  cases  treated  in 
1930'  2,524  in  1931:  2,672  in  1932:  1,966  in  1933;  Northern  Rhodesia, 
one-quarter  of  the  total  population  of  53,000  estimated  in  1926  to  have 
yaws:  2,279  had  been  treated;  Southern  Rhodesia,  yaws  not  reported; 
Angola,  present,  but  no  ligures  available;  Bechuanaland,  a  few  cases 
observed:  86  in  1933;  Madagascar  and  Comoro  Islands,  yaws  endemic: 
10  203  cases  in  1934;  Mauritius:  it  is  stated  that  yaws  does  not  occur; 


Seychelles,  none. 

In  northern  and  central  Asia  and  .lapan  the  disease  is  unknown.  In  A^ia 
India  there  are  scattered  endemic  areas  in  Bengal,  Orissa,  Central  Imlm 
Provinces,  and  llaidcrabad,  but  no  lig,ures  are  available.  It  is  piobablc 
that,  when  search  has  been  made  among  many  of  the  more  primitive 
forest  tribes  of  India,  yaws  will  be  discovered  to  be  much  more  widely 

spread  than  is  at  present  supposed.  _  _ 

In  Ceylon,  Malaya,  I'rcnch  China,  the  laisl  Indies,  and  the  Paciiic 

Islands  the  disease  is  wide-spread.  _ 

Ceylon,  24,841  cases  treated  in  1929:  23,684  in  1930:  24,708  m  1931: 

03  a()g  ip  1932:  18, .168  in  19.1.1;  Burma,  yaws  endemic,  no  liguies  avail¬ 
able;  Assam,  yaws  endemic,  no  liimres  available;  Siam,  yaws  endemic; 
Malaya  yaws  widely  spread;  ia  Kelanlan,  7,509  cases  tiealed  in  1928. 

8  288  in  1929;  16,-581  in  19.10;  21,004  in  19,11;  26,468  in  1932;  in 
Tmnggaiui,  3,390  in  1929;  3,386  in  19.10:  2,601  in  1931 ;  2,686  in  19.32;  in 
Johore,  4,977  in  19.11;  4,566  in  19.12. 

I’rench  China:  the  rliseasc  is  widely  distributed  in  Annam,  Tonkin, 
Cochin  China,  Saigon,  1  ,aos,  Cambodge,  and  Cambodia.  It  is  an  inevit¬ 
able  disease  of  childhood  in  all  the  forest  zones.  Dutch  Fast  Indies: 
with  an  estimated  population  of  45  millions  some  890,000  cases  of  yaws 
were  treated  between  1919  and  19.34.  In  Sumatra  the  incidence  varies 
between  12  and  90  per  cent.  The  same  is  true  of  .lava  where  in  1924 
1,600,000  injections  were  given  in  the  treatment  ol  the  di.seasc.  In 
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Celebes,  22,789  injections  were  given  in  1928.  Timor  is  lieavily  infected 
and  in  Siiniba  70  per  cent  of  the  inhabitants  sulfer  from  framboesia. 
Borneo:  it  is  stated  that  in  the  central  region  ol"  Papua  yaws  is  very 
prevalent  and  that  every  Dyak  child  in  Southern  Borneo  is  infected 
with  the  disease.  It  occurs  also  in  Sarawak.  Formosa:  tlic  disease  has 
been  reported  from,  the  southern  part  of  the  island.  Philippine  Islands: 
in  some  areas  70  per  cent  of  the  population  is  attacked;  31,040  cases 
were  treated  in  1923-4.  Caroline  and  Marianne  Islands  (including 
Guam):  yaws  is  prevalent.  French  Pacific  Islands:  yaws  is  wide-spread 
in  the  Loyalty  Islands,  in  Wallis,  Futuna,  New  Mebrides,  and  New 
Caledonia.  British  Solonron  Islands:  21,628  injections  were  given  in 
1932  and  11,998  in  1933  in  the  treatment  of  yaws  cases.  Fiji;  it  is  believed 
that  100  per  cent  of  the  native  population  is  infected  with  yaws,  mostly 
contracted  in  childhood.  Gilbert  and  Ellice  Islands:  in  1932,  5,536 
injections  given  for  yaws;  Samoa;  88 ’9  per  cent  of  the  total  population 
examined;  67 •?  per  cent  of  these  gave  a  history  and  60'6  per  cent  showed 
evidence  of  yaws  infection;  74,088  injections  given  in  1932  and  38,644 
in  1933.  In  many  other  groups  of  islands  the  disease  is  wide-spread  but 
no  figures  are  available. 

In  Australia  yaws  is  endemic  in  the  northern  half  of  the  continent, 
chiefly  in  the  Northern  Territories,  but  it  has  been  argued  on  the 
discovery  of  bones  showing  lesions  ascribed  to  yaws  that  the  disease 
was  distributed  all  over  Australia  a  century  ago. 

Although  yaws  is  prevalent  in  the  East  Indies,  central  American 
countries  appear  to  be  spared.  The  disease  is  not  reported  from  Mexico, 
Yucatan,  Honduras,  British  Honduras,  or  Salvador.  On  the  other  hand 
it  is  said  to  occur  in  Nicaragua  and  Guatemala,  and  a  few  cases  have 
been  reported  from  Panama.  In  Costa  Rica  the  disease  was  first  noticed 
in  1924,  6  to  16  per  cent  of  the  population  being  said  to  be  infected. 
The  disease  is  unknown  in  the  Bahamas  and,  although  it  existed  at  one 
time  in  Bermuda,  it- has  now  disappeared.  Cuba;  the  disease  is  present 
but  no  statistics  are  available.  Jamaica;  yaws  is  extremely  prevalent  in 
some  rural  populations.  The  following  figures  have  been  extracted  from 
the  reports  of  the  Jamaica  Yaws  Commission: 


Table  to  show  Incidence  of  Yaws  in  Jamaica 


Year 

Areas 

Surveyed 

Total 

Popula¬ 

tion 

No.  OF 
Cases 
Treated 

Total 
No.  OF 
Treat¬ 
ments 

INO.  OF 

Wassermann 

AND 

Flocculation 

Tests 

1932 

590 

2,728 

16,000 

1933 

5 

12,605 

2,616 

10,541 

26,444 

1934 

7 

22,578 

4,844 

21,856 

26,767 

1935 

,  8 

35,323 

8,337 

45,755 

15,162 

1936 

8 

38,487 

7,923 

45,721 

25,671 

Total 

-  28 

108,993 

’  ^’24,310  ^ 

126,601 

110,044 
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H'lit  i'  80  per  cent  of  the  population  in  some  areas  affected — in  one  dis¬ 
trict  in  one  year  (1925  -6)  167,267  cases  treated;  Porto  Rico:  there  is 
said  to  be  a  single  focus  of  yaws;  Virgin  Islands,  Antigua,  Guadeloupe, 
Monserrat,  Martinique;  yaws  present,  but  the  disease  is  said  to  be 
diminishing  in  numbers  in  the  French  islands;  St.  Lucia:  1,422  cases 
treated  in  1932;  St.  Vincent:  6,091  cases  treated  in  1932;  Grenada: 
1,500  cases  treated  in  1932;  Dominica;  2,400  cases  treated  in  1932. 
The  figures  for  most  of  the  other  islands  are  similar.  In  Trinidad  the 


disease  is  also  conimoii.  «  ,  *  •  •  ^  / 

Information  regarding  the  distribution  of  yaws  m  South  America  is  M 
very  scanty;  it  is  believed  to  be  endemic  in  Venezuela;  in  Colombia  it  is 
wide-spread  in  the  coastal  and  riverine  zones.  In  British  and  French 
Guiana  the  disease  was  once  common  but  is  now  rare,  though  in  Dutch 
Guiana  it  is  prevalent.  Yaws  has  been  reported  from  Peru,  and  is  wide¬ 
spread  in  certain  provinces  of  Brazil,  in  Bahia,  and  also  in  Parahyba, 
where  30,000  cases  were  found  in  a  population  of  1,200,000.  More 
recently  the  disease  has  been  discovered  in  Minas  Geracs.  Information 
as  regards  Ecuador,  Bolivia,  and  Paraguay  is  not  forthcoming.  The 
disease  has  not  been  reported  IVom  Argentine  or  Chile. 

In  1694  an  outbreak  of  what  was  called  ‘sibbens’  or  ‘si wens’  (.vivv/-- 
raspberry,  Celtic)  occurred  in  Scotland.  This  and  the  ‘button-scuivy  outbreaks  in 
in  Ireland  later  have  been  by  some  writers  considered  akin  to  yaws,  Scotjamland 
and  some  would  identify  sivvens  with  frambocsia.  There  can,  however, 
be  little  doubt  that  these  were  outbreaks  of  epidemic  syphilis  exactly 
comparable  to  others  which  occurred  in  liurope  and  elsewhere  during 
the  same  epoch.  The  clinical  nianifestations  described  resemble  those  ot 
the  endemic  syphilis  among  the  Bedouin  Arabs  olThe  liuphrates  Valley 


described  by  I'.llis  II.  Hudson.  . 

Frambocsia  tropica,  as  the.  name  implies,  and  as  has  been  shown  in  C 
dealing  with  the  geographical  distribution,  is  practically  limited  to 
warmer  countries.  The  iirccise  signilicance  of  this  association  remains  c 
uncertain.  The  evidence  suggests  that  a  number  of  factors  commonly 
obtaining,  in  the  troiues  have  a  bearing,  on  the  chance  of  contagion  rather 
than  that  a  hot  climate  plays  any  more  specific  part,  hi  tl’u  warm  belts 
the  more  primitive  peoples  are  Ibund,  living,  under  primitive  conditions 
in  regard  to  elothini.-,,  housing,,  and  food,  the  adults  wearing  little  bodi  y 
covering  and  the.  children  as  a  rule  none;  all  arc  exposed  to  inu  tiple 
minor  skin  injuries.  Personal  cleanliness  may  be  of  a  low  standard  and 
personal  contact  is  close  owing  to  their  methods  ol  living;  their  genera 
resistance  to  disease  is  low  owing  to  multiple  infestations  with  protozoal 
and  helminthic  |xirasites  and  subsistence  on  a  deficient  diet.  At  Ihc  sanie 
time  a  warm  and  moist  elimalc  conduces  to  the  propagation  ol  Hies 
which  may  play  an  important  part  in  transmitting  the  disease. 

It  was  at  one  time  believed  that  yaws  did  not  occur  above  a  very 
moderate  altitude,  but  the  disease  has  since  been  found  in  Sutnatra 
above  3,0tM)  feet,  in  the  Philippines  at  over  6,t)t)()  led,  m  Formosa  at 
5,000  feet,  and  in  Africa  at  more  than  .5,000  Icet. 


Climatic 
factors 
in/liiencing 
clistrihutUm 
of  disease 


Altitude 
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Rainfall,  probably  plays  an  important  part,  as  recently  shown  in 
Jamaica,  where  the  incidence  is  much,  higher  in  areas  of  greater  rain.lull 
and  where  it  has  been,  shown  that  ,recruclescence  of  active  lesions  is  ,m,uch 
com.moner  in  the  wet  season  tlian  in,  the  dry  season.  There  is  a  positive 
correlation,  betwee,n  the  incidence  of  yaws  in  Jamai,ca  and  rainfall,  but 
whether  this  association  is  direct  or  indirect  the  Yaws  Commission  could 
not  decide.  Greater  precipitation  means  more  luxuriant  vegetation, 
greater  liability  to  trauma,  and  possibly  an  increase  in  the  number  of 
flies  which  might  act  as  vectors.  In  barren  arid  regions  of  the  tropics 
the  disease  does  not  seem  to  occur, 

(2) — Sex  and  Age  Incidence 

The  sexes  are  equally  susceptible.  When  there  is  an  inequality  in  the 
chances  of  infection  owing  to  the  sexes  living  under  different  conditions, 
there  may  be  a  diflerence  in  the  sex  incidence  of  the  disease.  This  is 
shown  by  figures  from  Jamaica,  where  the  predominance  of  males  over 
females  is  most  marked  from  infancy  to  adolescence  but  disappears  in 
later  adult  life.  Elsewhere  the  number  of  female  adults  who  contract  the 
disease  may  be  nearly  double  that  of  the  males,  a  feet  explained  by  the 
observation  that  women  often  gain  their  infection  from  children. 
Trans-placental  transmission  of  yaws  does  not  occur  and  hereditary 
yaws  comparable  to  congenital  syphilis  is  unknown.  A  woman  never 
gives  birth  to  a  child  suffering  from  the  disease;  the  two  or  three 
recorded  cases  in  which  "congenital  yaws’  has  been  suggested  do  not 
hear  criticism.  Infection  of  the  infant  may  take  place  at  birth  and  a 
primary  lesion  at  the  umbilicus  can  occur. 

It  has  been  suggested  that,  since  yaws  is  commonly  contracted  in 
childhood,  as  is  mentioned  below,  the  power  of  trans-placental  trans¬ 
mission  to  the  foetus  has  been  lost  when  the  child-bearing  age  is 
reached;  this  is  an  interesting  speculation,  but  the  fact  that  no  case  of 
transmission  to  the  foetus  by  a  mother  suffering  from  active  yaws  during 
the  pregnancy  has  ever  been  recorded  weighs  against  this  view. 

Age  incidence  has  sometimes  been  considered  as  if  the  young  were 
more  susceptible  than  adults.  It  may,  however,  be  pointed  out  that  all 
ages  appear  to  be  equally  susceptible.  The  early  age  at  which  infection 
commonly  occurs  in  endemic  areas  is  the  expression  of  a  high  local 
incidence  of  the  disease  and  a  maximal  incidence  of  other  aetiological 
factors. 

In  Samoa,  where  the  incidence  is  said  to  be  lOO  per  cent,  it  is  stated 
that  100  per  cent  of  children  are  infected  before  the  age  of  two  years.  In 
Jamaica  it  is  stated  that  91  per  cent  of  the  cases  are  infected  before  the 
age  of  fifteen  years,  96  per  cent  before  twenty,  and  60  per  cent  during 
the  first  four  years  of  life.  In  another  group  the  peak  of  incidence  was  at 
seven  years  and  this  was  then  found  to  correspond  with  the  beginning 
of  school  life,  showing  that  special  factors  may  come  into  play  at 
particular  ages  in  selected  groups.  It  was  also  shown  that  the  Tate  of 
infectionh  i.e.  the  numbers  of  persons  acquiring  yaws  per  100  non- 
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immunes  of  the  population  for  a  given  length  of  time,  in  a  given  age- 
eroup  was  greatest  for  the  age-groups  5  to  9  years  and  10  to  14  years, 
the  ages  when  the  chances  of  skin  trauma  and  bodily  contact  are 

greatest, 

(3)— Importance  of  Trauma  and  Insect  Vectors  in  Transmission 

Abrasions  of  the  skin  probably  constitute  the  chief  factor  disposing  to 
infection  with  the  treponema  of  yaws,  liability  to  skin  trauma  being 
bound  up  with  absence  of  clothing  and  the  mode  of  life.  In  most  cases 
probably  the  infection  is  direct  from  a  patient  with  infective  lesions. 

On  the  other  hand,  that  the  infection  may  be  carried  by  insects  has 
long  been  suspected,  and  recent  work  in  Jamaica  and  elsewhere  suggests 
tint  this  method  of  transmission  possibly  plays  an  important  part. 

E.‘ Bancroft  as  long  ago  as  1769  believed  that  Hies  transmitted  yaws.  , 

Schillirie  (1770)  suggested  that  in  Surinam  the  infection  was  earned  by 
a  small  fly  which  was  known  locally  as  the  ‘yaws  fly’.  Wilson  in  1869  yaws 
again  referred  to  the  probability  that  flics  arc  responsible.  L.  Sambon 
drew  attention  to  Hipfu’laics  /lavipcs  as  a  possible  carrier  in  the  Antilles; 
van  den  Barnc  suggested  Slcf^omyia.  L.  Nicholls  (1911)  in  the  West 
Indies  believed  that  a  fly  he  referred  to  as  Osdiiis  />u//j/uw,  but  since 
identified  as  Hippelalcs  f!avipi‘s\  carried  the  infection  to  injured  skin 
surfaces.  F.  K-  Wilson  and  A.  W.  Mathis  thought  that  Hippelales 
pallipcs  played  the  part  of  intermediary  in  Haiti;  Cion/.ago  suggested 
that  CidicoUJcx  so  acted  in  Bra/.il,  Hurst  and  Johnson  were  inclined  to 
incriminate  the  plague  ol‘  flics  which  appeared  at  the  season  when  the 
bread-fruit  rots  in  Samoa.  T.  von  Bulow  (192.6)  in  (’osta  Rica,  noting  Ticks 
that  87  per  cent  of  the  primary  lesions  were  on  the  lower  limbs,  put 
forward  the  idea  that  the  tick  AmNyomma  ruyfuiume  might  be  involved. 

V«ry  Ibw  .l.cmpls  a,  „,KrinK-nlal  „a„K,„is,i«a  by  inscols  have  ten  ' 

made.  A.  (  astcllatii  (h)()7)  made  experiments  in  Ceylon  to  snow  tnat  j, 
mechanieml  transmission  of  the  treponema  by  Miisca  cloimstica  was 
possible  I  (i.  Thomson  and  W.  A.  Lamhorn  (1934)  showed  in  Nyasa- 
land  that  Musa,  spa'Ianda  will  feed  voraciously  on  yaws  lesions  and 
that  Treponana  pirlaiiic  passes  rapirlly,  in  viable  lorm,  through  Uc 
fly’s  alimentary  canal  and  may  easily  thus  be  deposited  on  an  abrasion 
of  the  skin  of  another  person.  More  recently  Lamhorn  (1936)  demon¬ 
strated  that  Musa,  sorhais  may  deposit  its  ‘vomit-drop’  eontaining 
T,rpona„a  pirtcua  a  previous  feed,  on  an  experimental  skin 

abrasion  in  man  3.6  to  50  minutes  later  and  thereby  produec  inlcetion. 

In  Jamaica  the  Yaws  (’ommission  produced  evidence  that  the  distribu- 
lion  and  incidence  of  yaws  in  that  country  were  possibly  detemimed  by 
the  presenee  of  the  small  fly  Hippelales  pallipes,  the  distribution  ol 
which  in  turn  appears  to  depend  on  geographical  coiihguration  and 
raiiilall  The  I'emale  fly  feeds  in  enormous  numbers  on  yaws  lesions, 
preferably  those  on  the  lower  extremities,  and  takes  in  larim  numbers 
of  treponemas  which  remain  motile  for  a  considerable  lime  in  ic 

oesophageal  diverticulum,  reappearing  at  intervals  in  the  vomit-diop  . 
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It  was  later  experimentally  demonstrated  that  if  these  hies  were  then 
allowed  to  feed  on  a  granulating  wound  on  the  back  of  a  rabbit  or  a 
scarified  area  of  its  scrotiiin,  infection,  resulted.  A  further  point  of 
interest  came  to  light:  positi.ve  results  were  .much  .more  C(),ninioniy 
obtained  if  the  experiments  were  made  in  the  winter  months  or  if  the 
animals  were  reniox'ed  to  a  cool  climate  after  inoculation  for  the  period 
of  incubation. 

(4) — Causal  Organism 

The  causal  organism  of  yaws,  Treponema  pertenue  (Spirochaeta 
pertenms),  is  morphologically  i  ndistinguishablefrom  Treponema palllduin 
{Spirochaeta  pallida)  and  Spirochaeta  cuniculL  All  the  methods  of 
staining  commonly  used  for  T.  pallidum  are  applicable  to  T.  pertenue. 
It  is  stated  that  the  latter  has  been  cultivated  by  the  same  method  as 
that  adopted  for  the  former  but  subsequent  transmission  to  animals  has 
not  been  carried  out  successfully.  T.  pertenue  is  easily  demonstrated  in 
fresh  preparations  from  active  yaws  lesions  by  dark-ground  illumination 
(see  Syphilis,  VoL  XI,  p.  537).  The  duration  of  survival  after  removal 
from  the  body  is  short  and  infectivity  disappears  quickly. 

Though  the  organisms  of  yaws  and  syphilis  appear  identical,  they  are 
considered  to  be  differentiated  by  their  biological  reactions.  There  is  a 
difference  of  "organotropisnT  or  tissue  selectivity;  T.  pertenue  h  said  to 
be  ectoder  mot  topic,  T  pallidum  mesodermotropic;  the  former  is  less 
‘invasive’  than  the  latter. 

Monkeys,  rabbits,  guinea-pigs,  and  mice  may  be  experimentally 
infected  with  T.  pertenue;  certain  diflbrences  between  experimental 
infections  due  to  T.  pertenue  and  to  T.  pallidum  have  been  described 
which  will  not  be  further  detailed  here,  except  to  say  that  they  are 
considered  to  be  characteristic  in  the  two  cases  and  a  suflicient  basis 
upon  which  the  two  organisms  may  be  differentiated. 

3 -MORBID  ANATOMY  AND  SEROLOGY 

Histo-pathology  of  the  skin  lesions 

The  structure  of  a  yaw  consists  essentially  of  a  plasmoma  of  the  cutis 
with  marked  hyperplasia  of  the  overlying  epidermis,  hyperkeratosis  and 
parakeratosis.  There  is  marked  upgrowth  of  the  papillae  and  a  corre¬ 
sponding  downward  prolongation  of  therete.  The  papillae  may  be  from 
ten  to  twenty  times  their  normal  length  and  also  enlarged  in  other  dimen¬ 
sions.  The  retepegs  are  not  increased  in  number  but  they  vary  in  thick¬ 
ness  and  length  and  in  places  appear  to  cut  off  parts  of  the  papillae  into 
islands  (acanthosis).  The  suprapapillary  layers  may  appear  insignificant 
in  comparison  to  the  thickened  rete.  The  palisade  layer  of  basal  cells 
remains  normal,  the  columnar  cells  forming  a  rather  well  defined 
boundary  between  the  epidermis  andcorium,  though  here  and  there  the 
cellular  invasion  of  the  latter  may  break  through  its  proper  continuity 
and  make  contact  with  the  rete. 
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In  the  epidermis,  immediately  above  the  basal  layer  of  cells,  changes  are  Epidermis 
visible.  In  the  middle  of  the  down-growths  oedema  is  present;  many  cells, 
which  may  have  preserved  to  a  lai'gc  extent  their  prickle  boundaries, 
have  lost  all  vestiges  of  their  nuclei  and  many  arc  vacuolated  (spongi¬ 
osis)  In  some  areas  larger  tracts  exist  in  which  cell  envelopes  only  can 
be  made  out,  or  all  cellular  outlines  have  disappeared  and  only  an 
occasional  nucleus  can  be  distinguished. 

Supcrlicially  to  the  rcte  one  of  two  conditions  may  be  found— either  a  Superficial 
layer  of  ten  or  more  strata  of  ill-dcfmcd  almost  circular  granular  cells, 
topped  by  swollen  hyperplastic  almost  homogeneous  horny  cells,  or  the 
stratum  granulosum,  which  is  largely  indistinguishable,  is  surmounted 
by  a  thick  dense  stratum  corneum  infiltrated  with  masses  of  mono¬ 
nuclear  cells.  The  horny  layer  may  be  split  into  lamellae  and  contain 
fibrinous  coagula.  Tlicy  form  in  part  the  crust. 

Not  uncommonly  circumscribed  areas  may  be  seen,  lying  nearei  to 
the  surface  than  to  the  basal  layer,  containing  leucocytes  (pus  cells)  and 
detritus.  These  arc  of  the  nature  of  miliary  abscesses  and  within  them 
the  treponema  can  be  demonstraleri.  The  framboesial  nodule  or  rasp¬ 
berry-like  lesion  after  removal  of  the  crust  is  covered  with  only  a 
suprapapillary  layer  ol  prickle  cells.  ^  ^  ^  ^  _ 

The  epithelial  growth  rests  upon  a  solid  cellular  infiltration  ot  the  cutis  Dermis 
made  up  of  all  types  of  cells  but  ehiclly  of  plasma  cells.  These  surround 
the  individual  epithelial  processes  like  a  mantle,  extending  in  thin  cords 
into  the  papillae,  and  below  the  level  of  the  epithelial  down-growths  the 
infiltration  forms  a  uniform  plasrnomatic  layer  occupying  the  outer  hall 
of  the  corium  sharply  limited  below  by  a  horizontal  line.  There  is  some 
oedema  of  the  corium,  the  collagenous  tissue  in  the  infiltrated  area  is 
reduced  to  a  line  network,  aiul  the  veins  in  the  area  arc  cngoiged.  The 
blood-vessels  of  the  papillae  are  dilated  and  there  may  be  some  infiltia- 
tion  with  lymphocytes  but  the  vessels  do  not  show  productive  inllamma- 
tion  with  thickening.  T'he  intima  remains  intact  without  any  cellular 
inliltnition,  nor  any  more  endothelial  prolileration  than  may  occiu  in 
any  inllammatory  process.  'I'here  is  some  loss  ol  pigment,  giant  cells 
are  rarely  and  hyaline  degeneration  is  never  seen.  I  he  skin  appendages 


are  not  alVectcd.  . 

In  early  lesions  treiioncmata  are  found  in  large  numbers  in  the  pen-  Muium 
vascular  tissue  about  the  terminal  portions  ol  the  papillae  and  in  some 
of  the  rele  peg.s,  rlcimsitcd  there  by  the  hlood-streani.  hrom  this  inifial  inkskms 
lesion  they  piass  into  the  more  superlicial  layers  ol  epithelium.  Organ¬ 
isms  arc  rarely  found  in  the  subpapillary  dermis.  Altlunigh  they  may  be 
seen  in  close  association  with  cells  of  all  kinds,  they  are  not  seen  within 

any  cell  in  the  rcte  Malpighii-  .... 

,1,.  „|-  .1,0  p.,l,n  ol-  ,1.0  .....l  solo  or  iho  'Olsrrrj  .0 

below  (see  p.  647),  the  structure  is  essentially  the  same  but  the  changes 
are  mainly  in  the  horny  layer  which  may  be  live  to  ten  limes  the  normal 
thickness.  'I'lic  outlines  of  the  iiulividual  cells  are  obliterated  so  that  this 
layer  conies  to  he  formed  of  a  homogeneous  stratum  of  keratini/.cd 
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material.  Here  and  there  lying  in  a  kind  ofiiest  embedded  in  the  hyper- 
keratotic  horny  layer  but  separated  from  it  by  looser  layers  of  cells  and 
spaces,  the  little  pegs  called  ''clavus’  are  found.  They  consist  of  lamin¬ 
ated  horny  cells  interspersed  with  parakeratotic  cells,  are  more  or  less 
rounded  and  project  slightly  above  the  surface  of  the  skin,  and  are 
easily  shelled  out  of  their  nests  leaving  the  'nail  hole’  which  reaches 
almost  to  the  rete.  The  stratum  lucidiim  is  easily  made  out;  the  granular 
layer  is  thickened  some  three  to  eight  times.  There  is  no  infiltration  of 
the  rete,  and  miliary  abscesses  are  not  found.  The  acanthosis  is  not  so 
marked  as  in  the  more  active  lesions.  Some  of  the  papillae  are  enlarged 
and  some  flattened;  oedema  is  present  in  the  papillary  and  subpapillary 
layers.  The  infiltration  is  practically  confined  to  the  papillary  layer  and 
the  region  of  the  blood-vessels  and  is  composed  mainly  of  plasma  cells. 

Serology 

The  Wassermann,  Kahn,  and  other  similar  tests  used  in  syphilis  all 
yield  positive  reactions  in  yaws,  up  to  100  per  cent.  The  Wassermann  and 
Kahn  reactions  give  a  90  per  cent  agreement  in  yaws,  but  the  latter  is  the 
more  sensitive  in  latent  cases.  Reactivity  of  the  serum  begins  in  the  early 
secondary  stage  and  is  maximal  when  the  secondary  eruption  is  wide¬ 
spread  and  well  developed,  but  a  positive  hlood  Wassermann  reaction 
has  been  recorded  in  Jamaica  within  two  weeks  of  the  appearance  of  the 
initial  lesion.  It  persists  through  long  latent  periods  and  is  present  in  old 
cases  of  yaws  showing  persistent  lesions,  though  in  those  with  tertiary 
manifestations  it  may  be  diminished.  There  is  reason  to  believe  that 
consequent  upon  natural  cure,  following  a  florid  secondary  exantheni 
or  after  treatment,  reactivity  may  disappear.  The  exact  treatment  which 
will  determine  the  return  and  persistence  of  normal  non-reactivity  has 
never  been  decided.  It  will  depend  in  part  upon  the  extent  and  duration 
of  the  secondary  eruption  at  the  moment  when  treatment  is  instituted. 
Reactivity  may  continue  to  diminish  after  treatment  has  ceased  and 
may  become  negative  long  after  the  lesions  have  disappeared.  Although 
in  some  60  per  cent  of  cases  with  infective  lesions  the  Wassermann 
reaction  may  be  reversed  by  a  course  of  treatment,  the  same  result  will 
only  be  obtained  in  30  per  cent  of  latent  cases  by  the  same  treatment. 
The  complement-binding  strength  of  titrated  serum  from  cases  of  yav/s 
is  equal  to  the  maximal  strengths  of  syphilitic  sera.  Whether  there  is 
any  constant  difference  in  the  time  which  elapses  between  the  date  of 
infection  and  the  date  when  partial  complement-fixation  begins  in  yaws 
and  syphilis  has  never  been  shown.  Whether  the  titre  curve  runs  the 
same  course  or  not  in  both  diseases  is  not  known,  either  in  treated  or 
untreated  cases.  Titration  curves  worked  out  recently  in  Jamaica  showed 
that  after  treatment  by  arsenicals  or  bismuth  there  was  in  general  a 
gradual  decrease  in  the  average  Wassermann  litre  extending  over 
approximately  five  months  but  with  a  tendency  to  an  interruption  in 
the  fall  in  the  third  to  fourth  month.  After  the  first  six  months  the 
percentage  of  positive  Wassermann  reactions  tends  to  rise.  Of  73  patients 
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recorded  iii  Jamaica  who  had  receivcdashort  course  of  neoarsphenamine 
five  years  before,  33  gave  a  negative  Wassermaiin  reaction,  1 1  a  doubtful 
result,  and  in,  29  the  reaction  was  positive.  Certainly  late  cases,  even 
after  long  courses  of  treatment,  may  preserve  a  positive  reaction. 


Jmmimity 

Clinical  and  epidemiological  observations  suggest  that  those  who 
suffer  an  attack  of  yaws  develop  a  serviceable  immunity.  In  native 
co,mniunities  it  is  generally  believed  that  one  attac,k  protects  against 
subsequent  infection,  an  opinion  shared  by  many  .medical  men.  It  is 
believed  that  immunity  develops  more  quickly  and  in  higher  degree  the 
mo,re  florid  the  secondary  eruption  and  the  greater  its  distribution  over 
the  body.  Interruption  in  the  course  of  the  disease  in  this  phase  by 
treatment  hinders  the  development  of  immunity.  The  whole  subject  has 
been  co,mplical:cd  by  the  introduction  of  the  co,iiception  of  what  has  been 
termed  ‘infection  immunity’  in  syphilis  and  its  extension  to  yaws.  This 
hypothesis  suggests  that  so  long  as  an  infection  with  a  particular 
organism  exists,  the  body  remains  immune  to  reinlcction  but  that  once 
the  body  is  completely  cleared  of  the  infecting  organism  susceptibility 
returns,  but  it  fliils  to  lake  into  account  many  essential  .fficts  and  is  in 
all  probability  considerably  wide  of  the  trulh. 

lAperimcntal  work  on  nurnkeys  carried  out  in  the  Philippine  Islands  E^mmental 
suggests  that  the  immunity  in  yaws,  as  demonstrated  by  failure  to 
infect  on  rcinoculation,  is  a  real  immunity,  that  it  develops  only  after 
the  infection  has  lasted  some  considerable  period,  and  that  once  pro¬ 
duced  it  remains  for  life.  In  monkeys,  succcsslul  super-inoculation  may 
be  possible  for  the  lirst  seven  monliis  in  yaws,  in  contrast  to  syphilis  in 
which  positive  results  were  only  obtained  during  the  first  six  weeks. 

Thereafter,  in  botli  diseases  i’urther  inoculations  fail  to  cause  inoculatory 
lesions.  Reciprocal  immuiuty  hclwcen  yaws  and  syphilis  and  between 
syphilis  and  yaws  in  monkeys  has  been  deinonstratcd,  but  syphilis  pro¬ 
duces  irnnuinity  t('>  sypliilis  more  ciuickly  than  does  yaws  to  yaws.  With 
a  higlngrade  hoiuolog.ous  iinnuinity  helcrologous  imnuinily  occius;  it 
develops  later  but  may  be  complete  in  these  animals.  After  iniinunity 
has  been  produced,  the  organisms  introduced  by  super-inoculation  fail 
to  multiply  and  in  high-g,rade  immunity  arc  completely  suppressed.  All 
the  secondary  lesions  may  have  healed  while  susceptibility  to  super- 
inoculation  persists  and  alternatively  lcsi<ms  may  remain  long  alter 
susceptibility  to  reiuoculation  has  been  lost. 

It  would  ohvii)usly  be  unwise  to  apply  the  results  obtained  by  animal 
experiment  to  man,  however  suggestive  they  may  be.  hvXpcri mental 
research  on  man  has  been  so  I'ar  very  limited;  the  lactors  involved  are 
luimcroiis  and  again  any  conclusions  that  may  be  drawn  must  still 
remain  tentative.  Ihe  results  ol  work  carried  out  recently  in  Jamaica, 
using  non-reactivity  to  experimental  suj>er-inoculation  as  the  sign  ol  /lomologous 
immunity,  suggest  that  iiUimmity  to  an  homologous  strain  ol  I'repotwfua  stw'uis 
perienuv  (aali)-inoeiilalion)  develops  early  in  the  course  ol  a  natural 
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yaws  infection  and  that  such  immunity  persists  throughout  the  course 
of  the  active  stage  of  the  disease.  Immunity  to  heterologous  strains 
develops  slowly  over  a  number  of  years;  90  per  cent  ot  cases  ol  yaws 
in  which  the  duration  of  the  infection  has  been  less  than  three  years 
may  still  be  successfully  reinoculated,  if  the  disease  r  n  the  eruptive  stage 
is  interrupted  by  treatment  immunity  is  long  delayed. 

Whether  patients  with  yaws  who  have  developed  aii  imtnunity  o 
successful  reinoculation  with  yaws  are  immune  to  syphilis  has  never 
been  determined  experimentally.  On  the  other  hand  it  is  mown  ma 
general  paralytics  are  usually  resistent  to  inoculation  with  yaws.  The 
epidemiological  evidence  concerning  cross-immunity  is  conllicting.^ 
has  been  held  that  syphilis  does  not  occur  in  certain  yaws  communities 
on  account  of  the  100  per  cent  incidence  of  the  loriner  conternng  an 
immunity  to  the  latter.  This,  however,  has  never  been  proved  and 
certainly  in  other  communities  wide-spread  yaws  has  not  been  a  bai  to 

the  introduction  of  syphilis.  _ 

The  apparent  exclusion  of  one  disease  by  the  other  is  well  illustiatcd 
in  Nigeria  but  there,  as  elsewhere,  it  will  probably  be  found  to  be 

apparent  only  and  that  itis  the  presenceof  other  factors  which  determines 

the  presence  of  one  or  the  other  infection. 

Other  blood  changes 

There  is  no  anaemia  and  there  are  no  changes  in  the  leucocyte  formula 
in  uncomplicated  yaws.  A  low  blood-cholesterol  content  has  been 
demonstrated  in  the  disease  as  in  syphilis.  The  globulin  precipitation 
test  with  distilled  water  has  been  found  to  be  positive  in  at  least  a  l  ..^ 
dilution,  sometimes  1:1  in  active  cases.  The  reaction  appears  m  the 
stage  before  the  Wassermann  reaction  becomes  positive,  is  less  marked 
in  latent  cases,  but  persists  after  the  Wassermann  reaction  has  become 
negative  with  treatment.  The  yaws  curve  does  not  therefore  run  parallel 
with  the  Wassermann  curve. 


4.-CLINICAL  PICTURE 

In  the  past  the  symptoms  of  yaws  have  been  described  as  occurring  in 
three  stages,  comparable  to  those  described  in  syphilis.  This  method  of 
presentation  in  syphilis  has  been  found  to  need  many  modifications 
and  in  yaws  it  is  still  less  applicable  as  there  are  not  any  clear-cut 
divisions  into  primary,  secondary,  and  tertiary  stages.  However,  with 
this  proviso,  the  old  method  of  designation  will  be  followed. 

The  incubation  period,  i.e.  the  time  which  elapses  between  a  naturally 
occurring  infection  and  the  appearance  of  the  primary  lesion,  remains 
a  little  uncertain.  It  varies  probably  in  most  cases  between  three  and 
six  weeks  with  limits  of  two  weeks  to  several  months.  In  experimentally 
induced  infections  in  man  typical  primary  yaws  yielding  treponema 
develop  in  three  and  a  half  to  four  weeks.  During  this  period  symptoms 
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are  as  a  rule  absent,  the  prodromal  symptoms,  which  have  been  de¬ 
scribed  by  some  writers,  belonging  more  properly  to  the  secondary  stage. 

The  primary  lesion — "mother  yaw\  "maman  pkm\  or  "niadre.  huba’' 

The  site  of  the  primary  yaw  is  determined  to  a  large  extent  by  liability  Site  of 
to  trauma  and  may  vary  in  difTerent  groups  ofeases.  The  location  of  the 
primary  lesion  docs  not  appear  to  influence  the  course  of  the  disease,  races 
In  bare-legged  unbooted  native  races  the  initial  sore  occurs  on  the  lower 
limb  below  the  knee  in  50,  70,  or  90  per  cent,  and  is  so  located  in  males 
more  often  than  in  females  in  about  the  proportion  85  :  75.  The  ankle 
and  foot  arc  involved  nearly  twice  as  often  as  the  leg,  and  the  anterior 
aspect  of  the  leg  more  connnonly  than  the  back.  The  initial  lesion  may 
be  on  the  face  and  neck  in  from  5  to  10  per  cent  in  various  series  of 
cases,  on  the  trunk  in  about  9  per  cent,  on  the  upper  limb  in  5,  10,  or 
20  percent,  and  on  the  genitalia  in  under  I  percent.  Among  women  who 
acquire  the  disease  in  adult  life,  infection  is  gained  quite  commonly 
from  their  own  children  by  suckling,  the  primary  lesion  being  on  the 
nipple.  In  a  series  of  cases  in  which  both  snother  and  child  sulTered  from 
active  yaws,  the  disease  was  contracted  by  the  mother  from  her  child  in 
75  per  cent  and  tlic  converse  in  25  per  cent. 

In  contrast  to  tlicse  figures  lor  natives  in  tlieir  natural  surroundings  arc  Site  of 
those  recorded  m  tlie  outbreak  ol  yaws  among  johannesburg  mmeis. 
Primary  lesions  were  found  on  every  part  of  the  body  except  the  lower 
part  of  the  leg,  the  ankle,  and  the  tbot,  a  fact  explained  by  the  habit  of 
these  men  of  working  divested  of  most  ol'  their  body  clothing  but  never 
of  their  socks  and  boots. 

Tlic  primary  lesion  occuis  at  tl)c  site  of  inoculation,  the  organism 
gaining  entrance  by  any  breach  of  the  skin  surface;  thus  abrasions,  cuts, 
insect  bites,  the  vesicular  dcrmafitis  on  the  feet  known  as  '‘ground  itclT 
due  to  ankylostomc  infection,  vaccination  scarilica.lions,  and  leech  bites 
may  all  f'orm  portals  of  entry  fi)r  tlic  treponema,  'fhe  organism  may  also 
be  implanted  upon  an  ulcer  due  to  other  causes  and  the  primary  yaw 
run  its  course  independently  of' (lie  ulcer, 

It  has  been  stated,  and  the  statement  repealed  with  descriptive 
embellishments,  witlioul  regard  to  the  facts,  that  the  primary  lesion  may 
appeal'  as  a  vesicle  or  as  an  ulcer.  I  he  primary  lesion  is  iu>t  an  ulcer;  it 
appears  first  as  a  papule  and  then  develops  into  a  nodular  granuloma. 

How  these  mis- statements  arose  is  iu>t  very  clear  hut  they  may  be  due  to 
a  wrong  interjuvtation  ol'  the  french  woi'd  ulcere,  which  is  used  in  a 
wider  sense  than  the  f.ngjish  woixl  to  include  nodular  as  well  as  ulcer¬ 
ative  lesions.  In  some  cases  the  primary  lesion  is  so  small  and  undergoes 
retrogression  st)  cjuickly  that  it  passes  umuiticcd,  in  others  indeed  it 
seems  probable  that  no  \  isible  lesion  appears  at  the  point  ol  inoculation. 
Typically,  however,  the  tiny  papule  develops  in  a  lew  days  into  a  small 
nodule  and  later  into  the  characteristic  crust-covered  papillo-granuloina 
which  projects  IVom  the  skin  surface. 

The  covering  is  at  llrst  thin,  tough  and  leathery,  dry,  and  ycllowish-grcyj 


44 


YAWS 


[VOL.  Xll 


nnly  attached  at  the  periphery  but  separated  irom  the  granuloma 
leneath  by  a  drop  of  thin  yellowish  sticky  muco-pns.  1  the  crust  is 
emoved  a  fresh  one  is  formed  by  the  honey-coloured  fluid  which  ooze 
rom  the  lesion  beneath,  or  if  the  original  covering  has  become  sp  il 
>r  partially  detached  the  exudate  forms  a  matted  crust  with  it.  The 
esion  when  uncovered  presents  as  a  moist  pinkish-red  raised  papil  o- 
rranuloma,  sometimes  exhibiting  minute  bleeding  points. 

The  fully  developed  primary  yaw  may  vary  considerably  in  size  and  in 
;ome  casL  reaches  enormous  proportions;  the  diameter  may  be  from 
1  to  6  cm.  When  situated  on  the  lower  extremity  it  tends  to  be  much 

arger  than  when  it  occurs  elsewhere. 

In  certain  situations  the  lesion  may  undergo  modi  ication ;  thus  on 
warmer  and  moister  areas  of  the  skin,  as  in  the  axilla  and  about  the 
pudenda  and  perineum  where  the  skin  surfaces  are  opposed,  the  crust 
gets  rubbed  off  and  the  lesion  becomes  flattened  and  moist  with  a 

mushroom-like  appearance,  an  overhanging  edge,  and  depressed  centre. 

In  other  parts  the  crust  may  fall  off  and  the  granuloma  become  diy  nc 
warty  with  marked  hyperkeratosis,  heaping  up,  and  exfoliation  oi  the 
surrounding  skin,  most  commonly  seen  when  the  mother-yaw  deve  ops 
on  the  foot.  When  the  primary  lesion  develops  in  an  alieady  existing 
ulcer  it  tends  to  grow  large  and  may  fungate,  just  as  a  primary  lesion 
produced  by  experimental  inoculation  ot  a  granulating  wounc  is  mucr 
larger  than  one  following  inoculation  of  the  skin.  It  such  a  case  be  sub¬ 
mitted  to  treatment  the  framboesial  granuloma  will  disappeai  and  the 
ulcer  remain  in  statu  quo. 

The  primary  yaw  may  heal  in  a  few  weeks  and  have  disappeared  befo 
'  the  generalized  eruption  becomes  manifest  or  it  may  retrogress  spon¬ 
taneously  as  the  metastatic  eniption  is  developing.  More  commonly  it 
lasts  for  many  months  and  may  outlive  the  secondary  eruption  and 

persist  for  many  years.  . 

When  the  primary  yaw  heals,  scarring  tends  to  be  more  prominent  han 
is  the  case  with  secondary  lesions,  partly  probably  because  traumatiza¬ 
tion  and  secondary  infection  are  commoner  m  the  tormer.  The  coloui 
of  the  scar  in  coloured  races  is  sometimes  said  to  be  white,  m  distinaion 
from  the  scars  of  the  secondary  lesions,  which  are  pigmented.  This, 
however,  is  not  essentially  true;  it  is  a  question  of  whether  there  has 
resulted  loss  of  tissue  due  to  secondary  infection  of  the  primary  yaw,  or 

maltreatment,  e.g- by  cauterization.  .  -o  w 

Accompanying  the  maturation  of  the  initial  lesion  theie  is  ofte  * 
satellite  bubo  in  the  group  of  lymphatic  glands  draining  the  part  In 
this  gland  treponemata  can  be  demonstrated,  suggesting  a  dissemination 
by  lymphatics  before  invasion  of  the  blood-stream  occurs.  In  a  single 
case  small  nodules  are  recorded  to  have  developed  along  the  course  ot 
the  lymphatic  vessels  between  the  lesion  and  the  gland  two  weeks  after 
the  appearance  of  the  initial  lesion  and  one  month  before  the  secondary 
eruption  occurred. 
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The  secondary  stage 

About  one  to  three  months  after  the  development  of  the  primary 
lesion  the  generalized  or  secondary  eruption  appears,  in  some  cases  _ 

ushered  in  or  preceded  by  constitutional  disturbance  of  varying  severity 
consisting  of  fever,  malaise,  headache,  and  aching  pain  with  exacerba¬ 
tions  at  night  in  the  back  and  in  the  long  bones  and  joints  of  the  limbs. 

Some  writers  have  laid  stress  upon  the  polymorphism  of  the  skin  Skin  lesions 
lesions  of  the  secondary  stage,  perhaps  rather  unnecessarily,  as  all  the 
several  types  of  eruption  have  essentially  the  same  structure  and  only 
differ  in  magnitude,  evolution,  and  grouping.  The  whole  gamut  of 
syphilological  nomenclature  has  thus  been  introduced,  and  lesions  have 
been  represented  as  being  roseolar,  papular,  macular,  follicular,  nodular, 
papulo-crosivc,  papulo-squamous,  papulo-piistular,  lichenoid,  exfoli¬ 
ative,  psoriasiform,  keratoid,  corymbiform,  framboesioid,  condylo- 
matoid,  or  verrucosc.  Metastatic  yaws,  however,  differ  in  no  essential 
wav  from  the  primary  yaw.  Their  number  may  vary  from  less  than  half 
a  dozen  lesions  to  many  hundreds  scattered  over  the  whole  body.  They 

tend  to  be  more  numerous  in  males  than  in  females. 

The  individual  secondary  lesion  commences  as  a  discrete  tiny  flat 
reddish  papule  with  a  corrugated  surface.  As  this  develops  to  the  size 
of  a  split-pea  it  is  seen  to  be  covered  by  a  tiny  yellowish  crust.  Many 
such  lesions  may  remain  unchanged  for  weeks  and  then  disappear,  or 
they  undergo  further  development  into  typical  Iramboesitorm  lesions. 

In  perhaps  I  per  cent  of  early  cases  this  papular  eruption  inay  occui 
alone;  in  cases  exhibiting  the  typical  cmorcsccnce  papular  lesions  will 
be  found,  if  looked  for,  in  about  12  per  cent.  The  papules  may  be 
observed  in  all  stages  of  evolution  and  retrogression.  In  some  eases 
they  tend  to  form  more  or  less  closely  knit  groups  scattered  over  the 
face,  body,  and  limbs;  in  others  the  massed  mieropapules  with  slightly 
corrugated  surface  aiul  scale  I'ormation  have  the  appearance  ot  a 
lichen.  Sometimes  hyperkeratosis  is  more  marked  and  the  papules 
resemble  the  follieulo-papules  of  lichen  pilaris.  Again,  macules  may 
occur,  chielly  on  the  back,  less  commonly  on  the  abdomen  and  limbs, 

1  to  3  inches  in  diameter,  the  elements  of  which  consist  of  minute 
conical  follieulo-papules.  These  patches  arc  oval,  rounded,  circinate,  or 
irregular  in  shape  as  the  result  of  coalescence,  the  margin  is  slightly 
hyperaemic,  and  in  colour  they  appear  paler  than  the  surrounding  daik 
skin.  They  are  rough  to  touch  and  feel  like  goose-skin  or  a  nutmeg- 
o;ralcr. 

Reference  is  often  also  made  to  the  furfuraceous  desquamation,  seen  Desqmmatm 
not  uncommonly  in  yaws  patients  about  the  time  ol  the  secondaiy 
eruption,  associated  with  a  loss  of  the  natural  gloss  of  the  skin,  which 
becomes  dry  and  rough.  I'hat  it  is  a  manifestation  of  yaws  has  been 
denied  by  .some  observers  who  hold  that  among  tho.se  natives  who 
continue  to  care  for  their  skins  and  to  use  oil  inunctions  it  is  not  seen. 

On  the  other  hand,  most  observers  believe  the  condition  to  be  due  to 
yaws;  it  may  have  a  patchy  distribution  and,  after  persisting  for  some 
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iveeks,  clear  xip-  The  powdery  desquamalioii  is  due  to  the  formation  of 
tightly  packed  minute  scales,  each  probably  representing  a  unit  yaws 
lesion.  In  these  areas  papular  and  framboesiform  lesions  may  develop. 
The  patches  resemble  somewhat  a  tinea  versicoloi  inlection  on  a  black 
skin.  The  secondary  eruption  in  yaws  may  be  pruriginous  or  this 
symptom  may  not  be  observed. 

Papular  and  macular  eruptions  may  precede,  accompany,  or  tollow 
the  main  eruption;  treponemata  may  be  demonstrated  in  all.  The 
evolution  of  the  typical  secondary  yaw  is  precisely  the  same  as  that 
described  for  the  primary  lesion.  Tn  size  they  may  vary  from  a  pin  s 
head  to  half  a  crown  but  they  seldom  attain  the  dimensions  reached  by 
the  mother-yaw.  Secondary  lesions  known  as  daughter-yaws  or  satellite 
yaws  may  occur  early,  surroiindingthe  initial  sore.  Also  an  efflorescence 
of  papular  lesions  may  surround  a  secondary  yaw  to  form  a  constella¬ 
tion.  Groups  of  framboesiform  lesions  may  fuse  to  lorm  more  massive 
growths;  by  a  process  of  partial  retrogression  or  healing  a  condition 

which  has  been  called ‘ringworm  yaws  may  be  produced. 

A  secondary  yaw  reaches  maturity  in  from  two  to  three  weeks;  fresh 
crops  may  continue  to  appear  at  intervals  ot  weeks  or  months  loi 
a  year  or  so;  the  disease  may  then  appear  to  come  to  an  end  but 
any  one  of  these  different  types  of  generalized  eruption  together  with 
typical  framboesiform  lesions  may  appear,  disappear,  and  reappear  tor 
twenty  years  or  more  after  infection.  It  has  been  recorded  that  2-5  per 
cent  of  cases  infected  twenty  years  previously  showed  infective  lesions. 
The  lesions  are  the  same  whether  they  occur  in  a  bush  native  or  in  a 
town-dweller,  in  white  orblack.In  any  group  ofactively  infective  patients 
those  with  framboesiform  lesions  will  form  85  to  96  per  cent  ol  the 
total.  On  the  other  hand  in  a  total  population  100  per  cent  infected  with 
yaws  in  all  stages,  only  a  minority  will  show  the  ty  pical  secondary  yaws 

eruption.  .  . 

The  various  forms  of  the  secondary  eruption  have  been  reproduced  in 
experimentally  inoculated  yaws.  Abortive  lesions,  such  as  may  be  seen 
in  natural  infections,  tended  to  occur  in  reinoculated  persons  and  there 
is  evidence  that  they  are  a  sign  of  a  partial  immunity. 

The  distribution  of  the  secondary  eruption  may  vary  considerably, 
vhen  the  number  of  lesions  is  small  they  tend  to  be  situated  on  the 
varraer  and  moister  parts  of  the  skin,  as  has  been  remarked  m  the 
;older  mountain  endemic  areas.  When  the  lesions  are  numerous  and 
ffle  whole  body  is  involved,  a  greater  proportion  will  be  found  upon 
ixposed  parts;  the  face,  the  anterior  surfaces  of  the  body  and  limbs, 
<vith  a  special  grouping  about  the  orifices,  mouth,  nostrils,  vulva,  an 
anus.  Onychia  and  paronychia  may  be  seen.  The  scalp  is  commonly 
spared.  A  secondary  yaw,  like  a  primary  lesion,  situated  in  a  moist 
warm  part  becomes  a  moist  lesion  and  resembles  closely  a  syphilitic 
condyloma.  An  intercurrent  febrile  affection  may  cause  a  temporary 
disappearance  of  the  secondary  efflorescence. 

As  in  other  diseases,  irritation  of  skin  surfaces  and  trauma  may 
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determine  the  dislribution  of  lesions  and  the  common  affeetion  of  the 
hand  and  foot  may  thus  be  accounted  for.  Owing  to  the  special  characters 
of  the  skin  of  the  palms  and  soles,  these  lesions  tend  to  take  on  rather 
special  features.  In  the  case  of  the  sole  of  the  foot,  in  consequence  of 
the  thick  dense  epidermis  the  yaw  may  extend  laterally  and  reach  con¬ 
siderable  size,  causing  much  suffering,  before  the  epidermis  gives  way 
and  splits.  Such  a  lesion  is  usually  accompanied  by  marked  hyper¬ 
keratosis  with  great  thickening  and  exfoliation  in  the  neighbourhood 
and  goes  by  the  name  of  Toot  yaws’  or  ‘crab  yaws’.  The  condition  is  a  ‘Crab  yam’ 
"source  of  much  incapacity  and  may  persist  for  many  years.  In  a  group 
of  500  patients  showing  infective  lesions  42  per  cent  presented  only 
plantar  yaws— 47  per  cent  of  the  males  and  35  per  cent  of  the  females. 

In  other  cases,  multiple  lesions  of  the  sole  of  the  foot  undergo  hyper¬ 
keratosis  and  dry  up  leaving  hard  centres  which  eventually  fall  out 
leaving  ‘nail  holes’,  the  condition  being  known  as  ‘clavus’. 

The  palms  of  the  hands  may  be  the  seat  of  lesions  comparable  to  those  Le^m  on 
in  the  soles  of  the  feet.  Papules  developing  in  the  deeper  layers  of  the 
epithelium  inay  push  their  way  to  the  surlace  with  splitting  ot  the 
epidermis  and 'marked  hyperkeratosis,  or  the  lesions  may  be  macular 
in  type.  In  some  cases  hard  rounded  or  hattened  nodules  appear  with 
thick  hard  epidermal  plugs  in  the  centres  which,  as  in  the  case  ol  the  leet, 
fall  out  leaving  a  coiulition  which  was  originally  described  as  the 
peculiar  pittinu:  ol'  the  palms’.  In  other  cases  a  general  thickening  ol  the 
epidermis  with  hyperkeratosis,  cracking,  and  lissuring  may  be  the  only 
obvious  affection  of  the  palms  of  the  hands  and  soles  of  the  feet.  This 
may  begin  in  one  area  and  spread  peripherally  reaching  the  sides  and 
dorsa  of  the  hands  and  feet  or  it  may  be  only  noticeable  over  the  joints 
of  the  finecrs,  hanc!,  vvrisU  aiui  U>cs. 

Tlic  condition  is  often  associated  with  pigmentary  changes;  irregular 
areas  with  scalloped  margins  ilcvclop  showing  all  degrees  ol  depignienta- 
tion  and  in  adjacent  areas  hypcr-|ugmcntation  may  be  noted.  Ihese 
pigmentary  changes  extend  on  to  the  forearm  and  over  the  ankles  but 
seldom  reach  the  elbow  or  knee.  They  were  first  described  by  a  (icrman  ^  ^ 

observer  as  a  form  of  leueodermia  under  the  name  Mcliiiiy,.  'Mcliwg’ 

A  mild  keratosis  of  the  skin  over  the  shins  and  elbows  has  also  been  kmitov/.v 
described,  fhe  keratoid  affections  of  the  hands  and  Icet  tend  to  occur 
latc  in  the  secondarv  period  and  to  persist  or,  like  other  secondaiy 
lesions,  they  may  develop  after  a  long  latcnl  period.  It  is  on  this  account 
that  they  are  often  included  among  the  tertiary  manifestations  ol  yaws. 

As  has  been  indicated  above,  they  constitute  the  eonimonest  lesion  in  a 
composite  group  of  yasvs  cases  ol  all  ages. 


Lcsiojis'  of  iniicous  nivtiihf^ntics 

■fhough  many  tens  iif  thousands  of  eases  of  yaws  have  passed 
the  hands  of  those  in  charge  of  antiyaws  campaigns,  it  is  seldom  statee 
in  the  published  fu-ures  whether  lesions  of  the  mucous  niembranc.s  have 
been  observed  or,  just  as  important,  whether  they  have  been  sought  lot 
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and  found  to  be  absent.  It  is  perhaps  therefore  a  little  unwise^  to  assert 
that  they  do  not  occur,  though  many  writers,  basing  their  beliels  on  their 
own  observations,  consider  that  the  secondary  ei  uption  is  limited  to  the 
skin  and  never  appears  on  a  mucous  menibrane.  The  published  cases, 
and  their  number  is  very  small,  as  cases  in  which  a  mucous  mcmbiane 
has  been  the  site  of  a  yaw,  appear  to  be  capable  ol  explanation  along 
other  lines;  some  reported  as  examples  ot  mucous  inembiane  lesions 
have  in  fact  been  cases  with  lesions  situated  on  skin,  in  ignorance  ol:  the 
fact  that  the  nasal  vestibule,  the  vulva,  and  the  glans  penis  arc  clothed 
with  skin  and  not  mucous  membrane.  One  author  refeired  to  cases  in 
which  The  mucous  tissues  of  the  ears’  were  allected.  Many  other  cases 
have  been  recorded  in  which  a  lesion  ot  a  mucous  inembiane  was  stated 
to  have  been  noted,  when  in  reality  the  condition  present  was  merely  a 
spread  of  the  lesion  by  continuity  across  a  muco-cutaneous  junction. 
These  straddle  or  a  cheval  lesions  are  not  uncommon  about  the  lips 


and  may  occur  at  the  conjunct  ivo-cutaneous  junction.  Apart  from  these 
there  are  a  few  apparentiy  well  authenticated  cases  in  which  a  yaw  has 
been  discovered  wholly  upon  the  mucosa  of  the  mouth  or  nose.  These, 
however,  are  ejuite  possibly  not  examples  ol  the  exanthem  allecling  a 
mucous  membrane  but  the  result  ot  direct  inoculation  by  trauma,  in 
the  case  of  the  nose  by  ‘picking’  the  nose  and  in  the  case  ol  the  mouth 


by  the  teeth  or  rough  food. 


Tertiary  stage:  tertiary  lesions  of  skin  and  hone 
The  lesions  now  to  be  described  are  usually  spoken  of  as  tertiary 
manifestations  of  yaws  but  though  a  latent  period  ot  many  years  may 
elapse  before  they  appear,  many  if  not  all  of  them  may  occur  quite 
early  in  the  course  of  the  disease,  more  often  perhaps  towards  the  end  of 
the  secondary  stage.  Just  as  many  of  the  abortive  skin  lesions  may  be 
looked  upon  as  evidence  of  a  developing  immunity,  these  so-called 
tertiary  manifestations  may  be  considered  as  evidence  ot  the  onset  of 
sensitization  or  allergy.  Tertiary  lesions  appear  to  be  more  common  in 
patients  in  whom  the  secondary  eruption  has  been  ill-developed  and  less 
common  in  cases  in  which  a  florid  exanthem  has  occurred.  In  some  cases, 
probably  in  more  than  is  usually  suspected,  a  persisting  primary  or 
secondary  lesion  undergoes  a  change;  there  is  a  change  in  tissue  reaction, 
breaking  down  occurs,  and  it  takes  on  the  character  of  a  tertiary  lesion. 
This  change  may  occur  at  any  interval  from  one  to  twenty  years  after  the 
original  appearance  of  the  lesion. 

In  other  cases  nodules  form  in  the  skin  and  subsequently  break  down 
with  the  formation  of  gummatous-like  ulcers,  practically  indistinguish¬ 
able  from  those  of  syphilis.  An  ulcer  may  remain  localized  or  spread 
widely  over  a  large  area  leaving  in  its  wake  subsequent  extensive 
scarring,  often  producing  marked  deformity.  Instead  of  this  m  ore  super¬ 
ficial  type  of  creeping  ulceration,  the  process  may  invade  the  deeper 
tissues  and  involve  the  bones.  This  attack  upon  bone  from  without 
must  be  distinguished  from  the  other  common  tertiary  manifestation  of 
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yaws  consisting  in  a  primary  osteitis,  osteo-periostitis,  or  epiphysitis,  to 
which  may  be  added  bursitis,  teno-synovitis,  and  arthritis. 

Bone  pain,  as  has  already  been  pointed  out,  is  common  and  often 
severe  in  the  secondary  stage  and  probably  signifies  a  localization  of 
the  treponemata  in  osseous  tissues.  If  the  secondary  eruption  is  profuse 
it  appears  possible  that  a  true  immunity  may  follow  and  no  further 
development  of  the  organisms  take  place.  On  the  other  hand  in  some 
proportion  of  cases,  perhaps  10  to  20  per  cent  or  more  in  some  endemic 
areas  demonstrable  lesions  of  hone  occur,  probably  of  the  same  nature 
as  Vhose  that  occur  in  the  skin.  In  these  late  lesions  treponemata 
are  not  found.  As  in  the  case  of  the  skin,  bony  changes  may  appear 
in  the  latter  part  of  the  secondary  stage,  even  when  the  primary  lesion 
still  persists,  from  six  months  to  six  years  after  the  initial  lesion  appeared. 

In  nearly  50  per  cent  the  bone  lesion  begins  within  twelve  months  of  the 
primary  sore.  In  any  group  of  yaws  cases  some  50  per  cent  of  those  with 
bone  lesions  will  be  under  fifteen  years  and  75  per  cent  under  twenty 

^Bony'lSons  are  multiple  in  three-quarters  of  the  cases  and  may  mMon 
number  a  hundred  or  more.  In  some  the  atleetion  involves  piactically 
the  whole  skeleton,  fhe  long  bones  show  the  highest  incidence;  the  tibia 
is  alTected  in  40  per  cent,  the  phalanges  of  the  hand  and  foot  each  in 
30  per  cent,  the  metatarsals,  metacarpals,  and  radius  each  20  per  cent, 
ihe  humerus  and  patella  each  15  per  cent,  the  ulna  and  femur  each 
lO  per  cent,  and  the  ribs,  slernunn  tarsus,  carpus,  and  pelvis  each  5  pei 
cent.  The  calvarium  appears  to  be  occasionally  involved  and  it  may  be 
said  that  no  bone  is  exempt  (see  goundou,  p.  654).  'fhe  shaft  of  the  long 
bones  is  attacked  four  times  more  often  than  the  epiphysis,  he 
apparent  disposition  of  children  and  young  adolescents  to  develop 
bone  lesions  may  possibly  be  assoeiated  with  poor  leedmg  and 
unbalanced  diet.  Serial  routine  radiological  examinations  ol  a  large 
group  of  early  eases  of  yaws  would  probably  show  a  higher  incidence 
still  and  yield  without  doubt  a  good  deal  of  much  needed  inlormalion 

concerning  the  evolution  of  these  osseous  reactions. 

Several  types  of  bony  lesions  have  been  described  on  clinical,  radio- 
graphical,  and  necropsy  findings  but  their  relation  to  each  other  anc 
their  pathogeny  is  still  somewhat  doubtful,  'fhe  symptoms  accompany¬ 
ing  the  acute  cases  in  yoimi’  ehildren  arc  fever,  local  aching,  pains 
wor.se  at  night  and  increased  with  any  attempt  at  movement,  tenderness, 

and  sometimes  swelling  and  shiny  skill, 

TIk-  X-ra,  appcarancaa  l.ava  bca.  *acribc<l  as  d.an.clar.aK:  ova  ^ 

areas  with  the  long  axis  in  the  a.xis  oi  the  bone,  1  to  30  mm.  across,  oi  , 
lessened  density  are  seen  either  within  the  substance  of  the  cortex  or  .fkslcns 
cut  into  the  surface  of  the  bone,  giving,  the  appearance  o  pieces  of  the 
bone  having  been  gouged  out.  fhe  periosteum  may  be  destroyed  over 
these  areas  or  it  may  be  thickened  and  raised;  there  may  also  be  some 
general  rarefaetion  of  trabeculae  and  loss  of  cancellous  tissue  giving  he 
picture  of  osteoporosis,  or  there  may  be  thickening  ot  the  coi  ex 
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increased  density  according  to  the  stage  of  evolution  of  the  process. 
These  areas  may  be  few  or  many  and  scattered  all  through  the  bone. 
They  may  apparently  undergo  resolution  with  restoration  ol  the  osseous^ 
tissue  or  they  may  break  down  with  the  formation  of  fistulae.  Some  of 
these  lesions  as  seen  in  radiographs  may  correspond  to  the  clean-cut 
smooth  hollows  to  be  seen  in  dry  bony  specimens. 

In  contradistinction  to  these  focal  lesions  a  diffuse  type  of  osteitis  may 
be  seen  involving  the  whole  or  some  part  of  the  shaft  with  its  periosteum. 
The  whole  thickness  of  the  cortex  takes  part  in  the  process;  the  circum¬ 
ference  of  the  bone  is  increased  and  the  medullary  cavity  is  narrowed. 
The  periosteum  presents  irregular  thickening  or  node  formation  and 
the  trabecular  architecture  of  the  marrow  is  disturbed.  Dui  ing  the  acute 
inflammatory  stage  the  hone  is  softened,  and  bowing,  most  prominent 
in  the  tibia  and  tess  often  in  the  femur,  may  follow,  the  tibia!  deformity 
resulting  in  the  ‘sabre  tibia’  of  yaws — the  machet  leg  ol  the  Congo 
or  ‘boomerang  leg’  of  Australia.  Later  the  acute  phase  may  come  to  an 
end  and  resolution  take  place,  the  tibial  def  ormity,  howevei,  peisisting 
with  a  still  thickened  cortex.  Later  still  the  bones  may  assume  a  more 
normal  texture  though  the  curvature  remains.  In  other  cases  iriegulai 
thickenings  of  the  bone  persist,  breaking  down  occurring  with  the 
formation  of  fistulae  and  ulceration  of  the  skin.  These  processes  may 
attack  the  epiphyses  and  joints  and  be  associated  with  a  hypertrophic 
synovitis,  teno-synovitis,  and  bursitis  leading  to  ganglion  loimation 
about  the  wrists,  ankles,  and  elsewhere. 

The  destruction  of  tissue  may  be  very  great,  incapacity  severe,  wasting 
of  muscles  extreme,  and  cachexia  profound.  With  atrophy  ot  parts  ol 
the  limbs,  ankylosis  of  joints,  gross  scarring,  and  conditions  resembling 
elephantiasis  or  mycetoma,  the  most  grotesque  deformities  are  pro¬ 
duced. 


Visceral  lesions 

In  connexion  with  the  primary  yaw,  enlargement  of  the  lymphatic 
glands  draining  the  part  may  occur  and  a  more  generalized  lymphaden¬ 
itis  may  be  seen  in  the  secondary  stage.  Glands  become  infected  within 
two  weeks  and  treponemata  can  be  recovered  from  them.  After  the 
skin  lesions  have  healed,  treponemata  are  said  to  disappear  from  the 
glands;  suppuration  never  takes  place.  That  a  generalized  blood  infection 
must  occur  appears  to  be  indisputable;  treponemata  have  been  demon¬ 
strated  in  the  splenic  blood  of  man  and  in  the  peripheral  circulation  and 
bone  marrow  of  experimental  animals  but  visceral  lesions  in  man  have 
never  been  proved  to  be  caused  by  the  organism  of  yaws.  In  the  present 
state  of  knowledge  this  would  obviously  be  difficult. 

Some  observers,  however,  believe  in  a  framboesial  aetiology  for  a 
number  of  conditions  occurring  among  native  patients  which  are  else¬ 
where  known  to  be  caused  by  syphilis,  such  as  general  paralysis,  tabes 
dorsalis,  hemiplegia,  paraplegia,  aneurysm,  and  kerato-iritis.  In  the 
records  of  such  cases  a  clear  distinction  has  very  often  not  been  made 
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between  the  subjeet  of  parenehymatous  nervous  disease  and  cases 
exhibiting  nervous  symptoms  due  to  vascular  lesions.  Recently  in 
lamaiea  an  attempt  has  been  made  to  correlate  the  indirect  evidence  of 
an  association  between  yaws  and  ‘nervous  lesions’.  It  was  found  that 
the'yaws  incidence  among  the  total  population  of  57,000  was  56-6  per 
centi'among  100  collected  ‘neurological  cases’  it  was  KO-0  per  cent;  or, 
put  another  way,  there  were  1-2  neurological  cases  per  1,000  non-yaws 
inhabitants  and  2-5  per  1 ,000  cases  with  indications  of  former  yaws.  The 
total  populalion,  however,  includes  all  ages,  whereas  neurological  cases 
occur  among  adults.  It  is  not  certain  therefore  that  the  incidence  of 
ncurologicaf  eases  among  non-yaws  adults  was  any  lower  than  among 
yaws  adults.  Of  the  neurological  eases  89  per  cent  had  had  yaws  or  a 
positive  Wassermann  reaction.  The  scries  included:  27  cases  ot  hemi¬ 
plegia  22  with  a  history  of  yaws  plus  3  with  positive  blood-’Wassermann 
reaetiom  21  cases  ol’  paraplegia,  19  with  a  history  of  yaws  plus  2 
with  positive  Wassermann  reaction;  4  cases  of  general  paralysis,  all 
with  liistory  of  yaws;  13  ‘tabetics’,  9  with  a  history  of  yaws  plus  4  with 
positive  Wassermann  reactions;  5  cases  of  facial  paralysis,  all  with  a 
history  of  yaws,  hour  patients  gave  a  history  suggesting  syphilis,  one 
of  these  was  a  paralytic  who  also  had  a  history  of  yaws:  the  second 
and  third  were  cases  of  hemiplegia  and  tabes  dorsalis  respectively  in 
whom  the  Wassermann  reaction  was  negative  and  there  was  no  history 


of  yaws.  _  ,  •  ,  V, 

Such  evicleuce  may  be  sua.yestive  but  tliat  is  all  IIkiI  can  be  said.  Yaws 

might,  in  such  cases,  be  merely  a  disposing  cause  or,  as  has  been  sug¬ 
gested  elsewhere,  a  yaws  infection  might  mask  a  subsequent  syphilitic 
infection,  which  symplomless  latent  infection  might  later  give  rise  to 

neural  and  vascular  lesions.  _  ^  ,  ■  , 

The  cerebrospinal  lluid  has  been  examined  in  some  small  senes  ot  Mospmal 
uncomplicated  cases  of  yaws.  T'he  Wiissermann  reaction  has  always- 
proved  negative  in  the  seeoiulary  stage.  In  some  very  lew  cases  a  slight 
increase  in'protein  and  cells  lias  tiecn  noted.  In  the  :.hsence  of  controls 
tliese  lindings  cannot  he  deltnitely  associated  witli  tlie  yaws  inlection. 

In  61  of  the  100  .laniaiean  neurological  eases  the  cerebrospinal  lluid 
was  examined  and  found  normal  in  43  and  abnormal  in  18.  Among 
those  with  normal  Iluids  the  IMootl-Wassermann  reaction  was  positive 
in  4''  per  cent:  ;imong,  those  with  abnormal  Iluitls  in  83  per  cent.  Ol  the 
18  cases  with  atmo'rmal  Iluids  the  deviation  consisted  of:  positive 
Wassermann  reaction  in  13  (with  normal  mastic  curve  in  6,  abnormal 
in  ly  abnormal  mastic  curve  only  in  2;  increased  cell  count  (14  cells) 
only  in  one;  and  positive  l>andy  test  in  1.  In  threc-quarters  of  the  cases 
witii  hemiplegia  the  hlood-Wassermann  reaction  was  positive  In  3  o 
the  the  cerebrospinal  lluid  was  examined  and  found  normal  m  9  and 
abnormal  in  4  (positive  Wassermann  reaction  in  3,  positive  Pandy  test 

in  2,  aiul  an  abnormal  mastic  test  in  1). 

The  hlood-Wassermann  reaction  among  18  eases  ol  parap  cgia  was 
positive  in  1 2  and  negative  in  6.  In  1  5  of  the  18  cases  the  cerebrospinal 
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fluid  was  examined  and  found  normal  in  10  and  abnormal  in  5  (positive 
Wassermann  reaction  3,  cell  increase  1,  abnormal  mastic  test  I). 

There  were  9  cases  of  tabes  with  yaws:  the  blood-Wassermann  reaction 
was  positive  in  Sand  negative  in  4.  In  7  cases  the  cerebrospinal  fluid  was 
examined  and  found  normal  in  all.  Of  the  4  cases  of  general  paralysis 
the  blood-Wassermann  reaction  was  positive  in  2  and  negative  in  2;  all 
yielded  abnormal  cerebrospinal  fluids  (I  a  positive  Tandy  test  only; 

1  showed  increase  in  cells,  positive  Tandy  test,  positive  Wassermann 
reaction  and  mastic  curve;  1  a  positive  Wassermann  reaction,  cell 
increase,  positive  Tandy  test,  and  abnormal  mastic  cuivc,  1  a  positive 
Wassermann  reaction  and  an  abnormal  mastic  curve). 

Such  cases,  occurring  in  a  community  wherein  yaws  is  rife  but  syphilis 
cannot  be  excluded  though  apparently  rare,  must  await  (uither  piogress 
in  our  knowledge  before  they  can  be  written  down  as  framboesial  and 
the  changes  in  cerebrospinal  fluid  as  due  to  an  infection  with  Treponema 
pertenue. 

Three  cases  have  recently  been  reported  from  Jamaica,  in  children 
aged  9, 5,  and  2  years  respectively,  one  with  yaws  of  lH  months  and  two  of 
1  month  duration,  in  whom  swellings  in  the  testis  and  epididymis  were 
noted.  It  was  considered  that  these  lesions  might  be  due  to  yaws  but  no 
proof  was  forthcoming. 

5.-COMPLICATIONS  AND  SEQUELAE 

Yaws  does  not  appear  to  dispose  to  any  particular  complication  but 
causes  an  enormous  amount  of  invalidity  and  incapacity  in  endemic 
areas.  The  general  health  is  undermined  and  wasting  marked  in  many 
tertiary  cases  and  there  is  a  greater  liability  to  sepsis  and  intercurrent 
infection.  Stunting  of  growth,  cancrum  oris,  and  stricture  of  the  pre¬ 
puce  have  been  recorded.  Among  the  sequelae  are  gross  scarring  with 
keloid  formation  and  fixation  of  joints  and  contractures.  Malignant 
changes  implanted  on  framboesial  lesions  appear  to  be  very  rare; 
melanomatous  growths,  however,  have  been  noted  on  the  site  ot  old 
‘crab  yaws’,  possibly  due  to  the  habit  of  holding  the  affected  foot  in  the 
hot  smoky  flame  of  burning  powdered  resin. 

Three  conditions,  gangosa,  goundou,  and  juxta-articular  nodules,  at 
one  time  considered  separate  clinical  entities,  are  now  generally  recog¬ 
nized  as  due  to  yaws,  though  similar  if  not  identical  affections  may 
rarely  be  caused  by  syphilis. 

(1) — Gangosa 

Gangosa  is  a  native  word  applied  to  the  condition  otherwise  known  as 
rhinopharyngitis  mutilans  in  which  a  destructive  ulcerative  process 
attacks  the  pharynx,  palate,  and  the  soft  parts,  cartilages,  and  bones  of 
the  nose  with  the  production  in  fully  developed  cases  of  a  great  hole  in 
the  middle  of  the  face  bounded  below  by  the  upper  lip,  which  is  spared 
in  all  except  late  persisting  cases  and  never  wholly  destroyed.  The  pro- 
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cess  may  undergo  natural  arrest  at  any  stage  and  before  gross  mutilation 
has  occurred.  In  other  eases  the  loss  of  tissue  is  very  great;  the  process 
may  spread  up  the  lacrimal  ducts  or  across  the  upper  part  of  the  cheek 
and  invade  the  conjunctival  sac  and  the  eye.  Both  globes  may  be  de¬ 
stroyed  and  the  contents  of  the  sockets  be  replaced  by  granulation 
tissue  In  other  cases  the  antra  are  involved;  in  a  few  the  Eustacluan 
tube  and  middle  ear  arc  affected  with  loss  of  hearing.  The  larynx  is 
rarely  attacked,  the  tongue  never,  and  the  process  does  not  occur  in  any 
other  part  of  the  body. 

of  iiamiosa  have  been  recorded  from  nearly  all  endemic  yaws  Incidence 
areas;  if  not  recorded  it  does  not  follow  that  they  do  not  occur.  Theie  ■' 
is  however,  a  very  great  dilfercncc  in  incidence,  suggesting  that  some 
second  factor  may  be  involved  in  the  aetiology.  The  alfection  may  begin 
at  any  age  from  early  childliood  onwards,  though  perhaps  most  cases 
come' under  observation  in  early  adult  life.  The  lime  which  elapses 
between  the  infection  with  yaws  and  the  onset  of  gangosa  also  varies, 
from  under  a  year  to  twenty-five  years.  In  some  areas  there  appears  to  be 
a  much  higher  incidence  in  females  than  in  males.  _ 

Pathologically  the  alfection  is  a  dowly  advancing  necrosis  with  very 
little  tissue  rcaclion.  At  the  ctli’c  el  the  lesion  the  epithelial  layeis  ot  the 
skin  are  Ihickcncil,  with  parakeratosis  and  acanthosis;  the  epithelial 
pegs  are  lonn,  thickened,  and  irregular,  and  the  subcutaneous  tissue  is 
oedemalous  and  inlillratcd.  In  the  ulcerated  area  the  superficial  stratum 
consists  of  a  structureless  necrotic  layer  lying  upon  a  lairly  defined 
connective  tissue  which  shows  marked  infiltration  with  round  cells  and 
some  plasma  cells.  There  is  no  perivascular  infiltration  but  the  vessels 
are  pluggctl  witli  liyalinc  material  and  their  walls  obliterated,  trepone¬ 
mata  have  never  been  demonstrated  in  gangosa  lesions,  but  the  process 
is  arrested  by  anti-yaws  trealmeiK. 

The  disease  may  run  an  acute  course  with  rapid  destruction  or  a  very 
chronic  course  over  many  years.  Arrest  may  occur  alter  the  process 
has  been  acute,  or  prog.ress  may  be  Intermittent,  the  geneial  health 
usually  remains  remarkably  gootl.  There  appears  to  be  an  association 
between  gaimosa  and  the  iirevious  preseiiec  of  yaws  lesions  about  the 
nostrils  and  lips.  Hie  eondilion  begins  with  symptoms  of  nasal  obslruc- 
liou,  eory/a,  or  sore  lliroat  associated  with  liull  iiain  and  itching  deep 
to  the  nose  and  a  sensation  of  dryness,  ('oiigeslion  and  inlillralion  ot 
the  mucosa  and  some  swelling,  of  the  bridg.e  of  the  nose  externally  may 
be  noliectl;  in  others  the  first  obvious  lesion  may  be  a  dirty 'sloughy 
superlicial  ulceration  on  the  pliarynx  or  palate.  Progressive  destruction 
of  the  parts  then  g,ocs  on,  in  many  cases  with  a  minimum  o(  obvious 
ulceration.  In  others  there  may  be  a  good  deal  ol  fouksmelling  muco¬ 
purulent  discharge. 

(2) — (loundou 

(ioundou  is  the  name  given  to  a  condition  in  which  hard  paranasal 
swellings  appear.  They  are  usually  bilateral  and  symmetrical,  varying 
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in  size  from  a  bean  to  an  orange.  They  spring  from  the  ascending  or 
nasal  processes  of  the  superior  maxilla.  First  noticed  when  perhaps  the 
size  of  a  haricot  bean,  they  may  grow  rapidly  or  more  slowly  and  become 
arrested  at  any  stage  of  enlargement.  The  geographical  distribution  ot 
the  condition  appears  to  correspond  roughly  with  that  ot  yaws  as  f  al¬ 
as  records  go  but  the  incidence  in  endemic  areas  appears  to  vary  con¬ 
siderably;  the  condition  is  common  in  West  Africa  but  rare  in  Indo- 

Actively  growing  specimens  show  an  outer  shell  ot  bone  covered  by  a 
thickened  adherent  periosteum  and  within  a  richly  vascular  libious 
substratum  showing  a  feebly  inflammatory  reaction  in  which  irregular 
lamellae  of  bone,  areas  of  plasma-cell  infiltration,  and  collagenous 
sclerosis  are  seen.  The  process  is  a  low-grade  inllammatory  osteogenic 
hyperplasia.  Treponemata  have  never  been  demonstrated  in  this  tissue. 
When  the  active  process  conies  to  an  end  the  signs  of  inflammation 
disappear,  the  tumours  become  hardened,  and  the  covering  periosteum 
normal. 

The  onset  is  usually  in  early  childhood  during  the  attack  ot  yiws  oi 
soon  after  and  it  is  not  uncommonly  assodated  with  sabre  tibia  or  a 
more  generalized  framboesial  osteitis.  In  a  lew  cases  the  onset  has  been 
after  a  latent  period  of  sonre  years.  Goundou  is  never  congenital  as  was 
at  one  time  suggested.  Associated  with  these  paranasal  swellings  there 
may  occur  an  osteitis  of  the  whole  of  the  maxilla,  and  any  or  all  ol  tlie 
bones  of  the  face  including  the  mandible  may  be  similarly  involved 
with  the  production  of  gross  deformities,  resembling  in  some  cases 
those  of  leontiasis  ossea.  In  some  cases  actual  goundou  may  be  absent 
but  a  tumour  the  size  of  an  orange  may  grow  from  the  palate  and 
present  at  the  mouth.  Suppuration  never  occurs.  ^  _ 

A  somewhat  similar  condition  may  possibly  result  trom  a  syphilitic 
osteitis.  Goundou-like  swellings  may  occur  among  white  races  in  cases 
which  are  diagnosed  as  leontiasis  ossea  or  osteitis  fibrosa;  they  may 
be  seen  in  osteitis  deformans,  and  somewhat  similar  paranasal  bony 
growths  are  found  in  some  animals,  notably  apes,  monkeys,  and 
equines.  The  very  'variable  incidence  ot  goundou  in  man  suggests  that 
some  other  factor  may  play  a  part  in  its  aetiology. 

(3) — Juxta-Articular  Nodules 

Under  this  designation  several  different  morbid  conditions  have  been 
described.  The  term  should  be  reserved  for  the  condition  as  originally 
described  by  Lutz  and  by  Jeanselme  {nodosites  juxta-articulaires).^  So 
defined  they  consist  of  hard,  smooth  or  lobulated,  painless,  insensible, 
often  symmetrically  placed  nodes,  which  arise  in  the  hypodermal  con 
nective-tissue  in  the  neighbourhood  of  the  larger  joints  and  sub¬ 
cutaneous  bony  crests  liable  to  pressure.  They  may  be  partly  movable, 

■  more  commonly  fixed  to  subjacent  structures,  and  rarely  adherent  to 
the  skin.  The  skin  covering  them  is  normal  except  when  changes  have 
resulted  from  friction.  They  vary  greatly  in  number  from  a  single  node 
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to  a  dozen  or  more  on  eaeh  side  of  the  body;  they  are  often  grouped 
and  may  together  form  a  mass  of  considerable  size;  individually  they 
may  be  From  the  size  of  a  haricot  bean  to  that  of  a  tangerine.  They 
occur  most  commonly  about  the  elbows,  knees,  ankles,  the  femoral 
trochanters,  the  ischial  tuberosities,  and  the  iliac  spines. 

Both  scKCs  arc  susceptible  and  the  nodules  arc  most  common  in  IndJence 
persons  over  middle  age.  The  condilion  has  been  noted  in  most  endemic 
yaws  ai-cas  and  may  be  found  in  as  many  as  2  or  3  per  cent  of  some 
groups  of  cases,  tlu>ugh  in  others  the  incidence  is  small. 

A  similar  if  not  identical  condition  has  been  described  in  more  recent 
years  as  occurring  in  syphilis,  though  the  number  of  such  cases  in 
Europe  is  very  small.  The  exact  relation  of  these  nodes  to  yaws  or 
syphilis  has  not  been  determined.  It  is  usually  stated  that  treponemata 
m'e  not  found  in  the  Icsirms,  but  they  have  lecently  been  dcmonstiatcd 
in  nodules  due  to  yaws  by  Turner  and  Ferris.  I'he  contents  of  the  node, 
when  softening  has  taken  place  as  it  appears  to  do  more  commonly  in 
the  syphilitic  form,  are  sterile. 

The  histological  picture  varies  somewhat  according  to  the  slap  ot:  MM 
evolution  of  the  node.  1  A>>'g  in  nn  envelope  of  loose  connective  tissue, 
the  nodule  consists  ol  an  outer  /.one  ot  dense  conccntiically  <iiiarigcd 
librous  tissue,  poor  in  fibroblasts  but  rich  in  collagen  fibres  with  here 
and  there  collections  of  round  cells  showing  in  many  eases  a  peri¬ 
vascular  arrangement.  More  centrally  hyaline  changes  and  homogeniza¬ 
tion  are  noticeable  and  multimicleatc  swollen  comiective-lissue  cells, 
like  pseudo-giant-cells,  may  be  seen.  Within  the  outei  layci  an  innci^ 
core  is  foiiiul  consisting,  of  a  creamy  amorphous  magma  devoid  of 
cellular  elements  which  has  been  likened  to  z.ine  ointment.  In  theii 
earlier  stages  of  development  they  respond  to  antiyaws  or  antisyphilitic 
trcatmenl. 

6.-T'Ri:A'nviF:N'i' 

(!) — Prophylaxis 

In  view  of  the  aetiolog.y  of  the  disease,  prophyhi.xis  must  depend  upon 
the  protection  of  the  iiulivitlual  from  exposure  to  inlection  and  protec¬ 
tion  from  skill  trauma  and  possibly  in, sect  vectors.  I  he  latter  might  be 
attained  by  the  adoption  of  suitable  clothing  and  therefore  is  impracti¬ 
cable  in  many  native  communities,  the  lormer  by  segregation  and 
treatment  of  infective  cases.  In  coimmmitics  in  which  up  to  100  per 
cent  become  infected,  prophylaxis  must  largely  consist  ol  an  attempt  to 
Irciil  u!l  infective  ciiscs  atui  rciulci"  Ihcin 
Since  about  1925  elforts  have  been  made  in  most  countries  where  yaws 
is  endemic  to  put  this  operation  into  elfect.  Antiyaws  campaigns  have 
been  launched  on  a  very  large  scale  but  unfortunately,  in  most  cases, 
no  proper  survey  of  the.  in-ohlcm  in  haiul  lias  been  made,  no  eftective 
conlrol  lias  been  cslablished,  and  the  results  of  the  particular  therapeutc 
measure  have  not  been  adcciiuUely  followed,  so  that  no  very  deirmte 
conclusion  can  be  drawn  as  to  the  elliciency  of  these  attempts  at  mass 
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treatment.  To  some  extent  these  defaults  are  inseparable  ironi  the 
conditions  under  which  these  campaigns  are  promoted  . 

The  stage  of  the  disease  at  which  treatment  should  be  initiated,  the 
best  preparations  to  be  used,  and  the  most  advantageous  dosage  and 
courses  of  treatment  were  questions  about  which  little  was  known  and 
concerning  which  knowledge  lacks  precision.  In  a  single  experiment  it 
was  demonstrated  in  a  volunteer  inoculated  with  yaws  who  swallowed 
1  hour  later  3  tablets  of  stovarsol  and  on  3  subsequent  days  4  tablets  per 
day  that  no  infection  occurred  in  the  subsequent  8  weeks,  whereas  in  a 
control  monkey  given  the  same  inoculation,  but  no  treatment,  inlection 

In  the  opinion  of  Turner  and  Saunders,  ot  the  Jamaica  Yaws  Com¬ 
mission,  ‘the  control  of  yaws  through  curalive  treatment  alone  is  im¬ 
practical  if  not  impossible’.  They  suggest  the  only  method  ot  effecting 
Ly  material  reduction  in  the  annual  attack  rate,  and  thus  of  lowering 
the  incidence  of  the  disease  in  any  community,  is  by  the  reduction, 
through  treatment,  of  the  sources  of  infection.  The  methods  to  be 
adopted  in  making  a  preliminary  survey  ot  the  problem  and  in  planning 
the  campaign  against  the  disease  have  been  dealt  with  by  these  authors 
ill  detail. 


(2)— General  Treatment 

Treatment  in  hospital  of  the  thousands  of  cases  of  yaws  which  may 
seek  medical  care  is  seldom  possible  though  nursing  along  general  lines 
will  do  much  to  relieve  symptoms.  Warm  mildly  antiseptic  baths  may 
be  recommended.  Local  applications  to  the  lesions  of  the  secondary 
eruption  are  seldom  possible  or  necessary  as  they  will  clear  up  under 
specific  medical  treatment,  but  for  more  persistent  lesions  gauze  dress¬ 
ings  with  a  mild  antiseptic  powder  are  best.  Rest  is  advantageous  and 
any  dietetic  deficiency,  common  enough  among  yaws-iirlected  native 
communities,  should  be  corrected. 


(3) — Specific  Treatment 

All  those  drugs  which  have  been  used  in  syphilis  have  been  tried  in 
yaws. 

Mercury 

Mercurials  were  used,  it  is  stated  with  success,  in  the  old  slave  days, 
but  fell  into  disuse  presumably  because  they  were  found  wanting.^  By 
most  observers  at  the  present  time  mercury  is  considered  to  have  little 
or  no  action  in  yaws,  and  some  hold  that  this  difference  in  the  effect 
of  mercury  constitutes  a  point  of  differentiation  between  the  disease^ 
and  syphilis.  At  all  events  mercury  finds  no  place  in  the  treatment  ot 
framhoesia  at  the  present  day. 

Potassium  iodide 

Potassium  iodide  may  he  used  with  advantage  in  the  treatment  of  some 
of  the  late  manifestations  but  should  be  so  employed  only  after  or  in 
conjunction  with  arsenic  or  bismuth. 
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Arsenic 

Tiic  organic  arscnicals  Itavc  been  round  to  be  the  most  potent  thera¬ 
peutic  atients  in  yaws.  Their  action  in  clearing  up  tlie  secondary  eruption 
is  in  many  cases  most  dramatic.  This  led  in  the  earlier  years  of  their  use 
to  the  belief  that  yaws  was  a  disease  easy  to  combat.  Further  observa¬ 
tions  however,  showed  that  this  was  not  true  and  that  with  the  doses 
then  used  many  cases  were  only  rendered  latent.  This  gave  rise  to  the 
introduction  of  tlie  rather  unfortumite expression  ‘elinicaleure’,  a  phrase  ‘Clinical cure' 
better  rendered  perliaps  by  the  French  word  ‘hianchis.semenr . 

Both  trivaleni  and  penlavalent  compounds  have  been  employed.  Of  Arsphenamine 
the  former  arsphenamine  need  not  be  discussed;  the  disadvantages 
associated  with  its  preparation  for  use  and  the  severe  reactions  which 
may  follow  render  it  inappropriate  for  the  treatment  of  yaws.  These 
disadvantages  were  overcome  with  tlie  introduction  of  neoarsphen-  Nau- 
ainine,  nerisalvarsan  or  ‘914’  also  known  as  neoarsenoben/ene,  which  ‘"'‘iphmamme 
has  proved  a  diaig  of  the  g.reatest  value  in  yaws.  The  best  individual  dose 
and  the  length  of  the  courses  of  treatment  necessary  to  cifect  cure  still 
remain  unscttkal.  'flic  chief  object  of  the  antiyaws  campaigns  has 
admittedly  been  to  attempt  to  reduce  the  number  of  infective  cases  in 
any  particular  area,  and  very  few  controlled  results  are  available  over 
any  suHicient  periotl  of  time. 

This  probably  aeeounts  for  the  very  varied  observations  published. 

Some  of  tliem  may  be  cited;  ')4-.s  per  cent  of  patients  remained  well  one 
and  a  half  months  after  a  sinide  injection  of  0-6  gm.;  2.5  per  cent  cures 
(sic)  after  one  and  .51)  per  cent  cures  after  two  injections  of  l)-01  to  0-015 
gm.  per  kilo  hotly  wci.nht;  IK  per  cent  cured  (.v;V)  after  one  and  00  per 
cent  after  two  injections;  two  injections  ol  O-.t  and  0-0  gm.  at  a  week  s 
interval  were  followetl  by  no  I’elapse  durintt  the  subsctiucnt  twelve 
months.  Other  observers  lind  that  larger  doses  and  longer  courses  are 
essential:  two  ihrses  each  of  0-7.5  g.m.  I'ollowcd  by  two  others  of  0-9  gm. 
at  four-ilay  intervals;  a  total  of  5  g,m.  is  aimcil  at  by  others  or  six 
weekly  injeelit>ns  ol  a  dose  t>l  0-05  ,n,m.  per  It)  lb.  btaly  weight. 

The  immerliate  elfeets  of  treatment  upon  the  yaw  lesion  and  the  con¬ 
tained  treponemata  have  been  mentioned,  'fwo  hours  atter  a  single 
injection  of  neoarsphenamine  it  may  be  impossible  any  longer  to 
demonstrate  the  oi'i’.anism  by  dark  (’.round  illumination  and  none  can 
be  shown  twenty  hours  later  by  staining.  Within  si.x  hours  the  yaws 
granuloma  often  beg.ins  to  clear  up,  in  twenty-four  hours  the  exudate 
has  ceased,  polymorphonuclear  cells  have  disappeared,  and  phago¬ 
cytosis  may  be  observed;  the  epidermis  may  be  almost  icstoied  and 
the  hy|ierkeratosis  marketlly  rerlueed. 

Sulpharsphenamine  (disodium  -  diamino  -  dihydroxyarsenobenzene-  . 

trimethylencbisulphite),  though  easy  to  administer  by  the  muscular  or 
deep  subcutaneous  routes,  appears  to  have  been  little  used  in  spite  ol 

the  ^ot)ci  results  olUained  iu  syphilis.  ^  _ 

'ArsenoKide'  in  the  form  of  mapharsen  is  of  low  toxity  and  Idrms  a  Arsenoxide 
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useful  remedy  in  syplrilisin  closes  of  40-60^75  mgm.  intravenously,  but 

^SrsolSovarSo'is  a  useful  preparation  in  treating  the  disease  in 
children  For  infants  and  children  up  to  5  years  the  dosage  .s  3  tablets 
each  of  0’25  gni.  on  each  of  two  successive  days;  tor  chikhen  liom  5  to 
15  vears  4  tablets  are  given.  Another  method  is  to  give  2  tablets  on  the 
finiZ  3  on  Se  second,  4  on  the  third,  and  none  on  the  fourth;  and 
on  the  fifth,  sixth,  and  seventh  4,  3,  and  2.  _ 

In  adults  acetarsol-sodium  in  0-5,  l-O,  1-5  gm. 

48  hours  intervals,  to  a  total  of  9-0  gm.  for  secondary  and  15  gm.  lo. 

tertiary  yaws,  lias  also  been  found  useful- 

Tablets^ of  treparsol,  0-25  to  1  gm.  daily  for  4  days  in  succession  in 

each  of  4  weeks,  iiitiy  be  tried-  ^ 

Acetylarsan  (diethylamine  acetarsol),  an  easily 

and  therefore  one  that  can  be  administered  m  large  doses  ot  0  0.^  g  . 
per  kilo  body  weight  subcutaneously  at  48-hour  intei-vals,  <011  y  on 
trial.  Solganol  B  (an  organic  compound,  of  gold),  six  doses  of  0-1  gm. 
intravenously  at  5-day  intervals,  is  said  to  have  caused  the  disappeai  ance 
of  lesions  but  as  a  treatment  in  yaws  is  of  no  practical  impoitance. 
Tarvan  (sodium  vanadium  tartrate)  has  been  proposed  but  as  yet  has 
not  been  tried  out  in  yaws. 


Bismuth 

Bismuth  was  introduced  into  the  treatment  of  yaws  after  the  demon¬ 
stration  of  its  usefulness  in  syphilis,  and  on  account  of  its  cheapness  an 
efficacy  in  yaws  has  in  many  countries  al  most  superseded  arsenobenzenc 
derivatives.  It  may  be  given  as  the  metal  or  as  an  insoluble  m 
watery  or  oily  suspension.  The  bismuth,  preparations  which  are  soluble 
in  water  or  in  oil  appear  to  he  unsuitable  for  various  reasons. 

The  oxychloride,  so  often  used  in  the  treatment  of  syphilis,  in  bi- weekly 
'  deep  subcutaneous  injections  of  0-2  to  0-3  gm.  does  not  appear  to  have 
been  given  the  trial  it  deserves.  In  its  place  the  salicylate,  the  subgallate, 
or  double  tartrate  are  generally  preferred. 

The  salicylate  as  a  10  per  cent  oily  suspension  in  doses  ot  ()•.-  c.c.  pei 
10  lb.  body  weight  is  administered  by  deep  subcutaneous  injection  at 
intervals  of  3  to  4  days  with  a  total  of  3  to  6  injections. 

The  subgallate  (dermatol)  is  given  in  doses  of  1  c.c.  of  a  10  per  cent 
oily  suspension  per  10  kg.  body  weight  intramuscularly  at  4-day  intervals 
to  a  total  of  1-5  gm.  of  metallic  bismuth.  The  oxyiodo-gallate  (airol)  is 
preferred  by  some  observers:  10  weekly  injections,  intramuscularly,  of 
1  to  4  c.c.  of  a  preparation  containing  20  gm.  to  lOO  c.c.  glycerin  and 
water.  Sodium  potassium  bismuthyl tartrate  is  given  as  an  oily  sus¬ 
pension  in  doses  of  0-2  gm.  in  2  c.c.  of  diluent  deep  subcutaneously  to  a 
total  of  3  gm.  for  adults;  for  children  0-05  gm.  is  given  intramuscularly 
every  4  to  5  days  to  a  total  of  5  injections. 
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A  suspension  of  prccipilaled  melallic  bismuth  in  a  glucose  or  saline 
medium  in  doses  ol'  ()-15  lo  0-2  gni.  intramuscularly  at  3  to  4  day 
intervals  is  perhaps  worthy  ol  lurthcr  trial. 

Recently  bisncnc,  a  bismuth  analogue  of  urea  stibamine,  has  been  pre¬ 
pared  containing  50  per  cent  of  metallic  bismuth  to  be  given  at  weekly 
intervals,  4  dosl's  of  0-!  to  0-15  gm.,  but  results  have  not  yet  been 


Bismuth 

metal 


Bisnene 


^  The'ino^^  recently  published  results  of  controlled  treatment  in  Jamaica  Results  oj 
ire  IS  follows  Of  Id  03  cases  of  yaws  treated  with  from  1  to  6  injections  f^^^phenamine 

of  neoarsplicnaminc  (average  4)  and  of  858  cases  treated  with  bismuth 
salicylate  in  the  same  way  (average  4-3)  and  kept  under  observation 
for  eighteen  months,  approximately  23  per  cent  showed  relapse.  Of 
the  neoarsphenaminc-treated  patients  who  received  only  one  injection 
42-8  per  cent  relapsed;  of  those  who  received  six  injections  18-9  relapsed. 

Nearly  half  of  the  relapses  occurred  in  the  first  six  months  after  treat¬ 
ment.  Liability  to  relapse  lends  to  decrease  rapidly  as  the  number  ol 
treatments  increases  up  lo  three  or  four  and  then  more  slowly  up  to 
six.  Relapses  were  more  frctiucnt  in  areas  where  the  rainlall  was  heavy 
and  during  the  rainy  season,  a  lact  which  should  never  be  lost  sight  of 
when  evaluating  any  particular  treatment. 

It  has  been  sug.acsled  that  an  active  immunization  to  yaws  could  be 
produced  by  the  iiilra-mcsodcrmal  inoculation  of  dead  trcponcmatous 
material  from  cases  of  yaws,  but  no  work  along  these  lines  has  been 
carried  out. 


REFiiRi:N(:i:s 

Blacklock,  l  >.  B.  tb>.U)  Ami.  trap.  Mi’d.  rarasit.,  26,  423. 
Botreau-Koussel  (l‘)25)  O.stcUcs  pimiiqims,  "Cmindou,  Ihins. 
C'arron  (1U37)  Hull.  (Ijf.  in!.  Ihr.-  I’uhl.,  29,  .341. 

t'astellani,  A.  (lUO.S) 2,  4<.K. 

(1903) ./.  Ccrloit  Hr.  Hrit.  inal.  .4.V.V.,  2,  part  I,  .54. 
Eerris,  11.  W.,  and  Turner,  T.  B.  (193/)  Arch.  I’lilli..  24,  703. 
(1938) //>/</.,  26,  491. 

tiutierre/,  B.  O.  (l'>22)  Arch.  l>crm.  Syph.,  N.Y.,  6,  265. 

( P)?, 3 )//>/(/.,  8, 

Hudson,  L.  11.  (193,3)  .-Im.r.  ./.  Sypti.,  16,  447. 


(1933)  ibid.,  17.  10. 

l.amborn,  W.  A.  (1936)  Hop.  Med.  (Hyy.A.  69,  .’.35. 

Reports  of  the  Jiunaicn  Yaws  i'onunisslon  34  3.5  36). 

Saunders,  (1.  M.  (193/)  .(///<’/'.  ./.  trop.  Med.,  1/,  335. 

Schbbl,  ().  (19.3H)  /’/)////>/»../.  .V<7.,  65,  127. 

.  and  llasselinann.  t'.  M.  (1932)  .4reh.  SeluIJs-  ii.  I ropenhyy.,  36, 

Seoll,  .1.  (1933)  I’roe.  '/'ronsvaol  Mine  Med.  Off'.  .4.V.V.,  12,  Spec.  Suppl.  41. 
Slanuus,  II.  S.  (1936)  Hniplre  Soc.  Hyy..  Year  Hook,  I’arl  3,  p.  577. 

Turner,  T.  B.,  and  Saunders,  (i.  M.  (1935)  Anier.  ./.  tly.K;  >A,  48, . 


YELLOW  FEVER 

By  P.  H.  M ANSON-BAHR,  C.M.G.,  D.S.O.,  M.D.,  F.R.C.P. 
Director  of  Clinical  Tropical  Medicine,  London  School  of 
Hygiene  and  Tropical  Medicine;  Senior  Pi-iysiciAN,  Hospital  for 
Tropical  Diseases,  London;  Consulting  Physician,  Colonial 
OPFrcR  AND  Crown  Agents  for  the  Colonies 


1.  DEFINITIOH  AND  HISTORY 

2.  TYPES  AND  THEIR  GEOGRAPHICAL 

DISTRIBUTION  _  -  -  - 

3.  EPIDEMIOLOGY  AND  IMMUNITY  - 

4.  VIRUS  AND  VECTORS 

5.  PATHOLOGY  ATND  MORBID  ANATOMY 

6.  CLINICAL  PICTURE  - 

7.  PROGNOSIS 

8.  DIAGNOSIS  AND  DIFFERENTIAL  DIAGNOSIS 

9.  TREATMENT  _  -  -  -  - 


I'AGE 

660 

661 

663 

664 
666 

667 

668 
669 
669 


1 -DEFINITION  AND  HISTORY 

1616.1  Yellow  fever  is  an  acute  highly  dangerous  febrile  disease  due 
to  an  ultramicroscopic  virus,  occurring  epidemically  or  endemically 
in  South  America  and  in  West  and  Central  Africa.  It  is  characterized 
by  a  sthenic  fever  followed  by  a  quiescent  period,  and  by  bradycaidia, 
jaundice,  albuminuria,  and  a  terminal  crisis.  An  infection  produces  a 
lasting  immunity.  The  disease  is  transmitted  under  natural  conditions 
by  mosquitoes,  principally  Aecks  aegypti,  except  in  certain  areas  m 
South  America  where  A.  aegypti  is  absent  and  other  vectors  take  i  s 
place.  It  is  not  transmitted  by  contact,  except  under  laboratory  condi¬ 
tions;  it  may  be  contracted  from  infective  blood  or  tissues. 

Finlay,  in  Havana,  from  1886  onwards  constantly  stated  that  yellow 
fever  was  conveyed  by  the  bite  of  a  mosquito;  in  1901  Reed  and  Carroll 
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showed  tluit  Uic  ciiusal  agent  was  contained  in  infected  human  serum 

and  that  it  could  pass  through  a  Berkefcld  lilter.  Some  twenty-seven 

years  elapsed  before  Stokes,  Bauer,  and  Hudson  proved  that  yellow  ammals 

fever  is  due  to  a,  virus  and  transmitted  it  to  the  rhesus  monkey  (Macacus 

mulatta).  Since  then  other  animals,  such  an  hedgehogs  and  mice,  have 

been  found  to  be  more  susceptible. 

Infection  in  rhesus  monkeys  can  readily  be  produced  by  subcutaneous 
or  intra peritoneal  injection  of  infected  blood,  or  by  smearing  blood 
from  a  patient  with  yellow  fever  on  the  unbroken  skin,  and  exactly 
the  same  disease  may  be  produced  by  the  bite  of  an  infected  Aides. 

The  several  species  ol'  monkey  which  have  been  found  to  be  susceptible 
to  the  viscerotropic  virus  are  the  Barbary  ape  {Macacus  inuus),  the 
rhesus  monkey  (M.  nnda/la),  the  crab-eating  macaque  (M.  inis),  and 
the  brown  macaques  (A/,  .'ipecio.siis  and  M.  siniciis);  in  the  last  two  the 
infection  is  not  usually  fatal.  The  ncw-world  monkeys  arc  not  so 
susceptible.  Marmosets  usually  die,  but  capuchin  monkeys  suffer  from 
mild  febrile  attacks,  (iuinea-pigs  are  completely  relractory  to  intra- 
peritoncal  or  subcutaneous  inoculation,  the  European  hedgehog 
(Ei'iiiaccus  eiiropacus)  and  its  Sudanese  ermgener  {Atelcrix  alhiventi i.i)^ 
are  extremely  susceptible.  It  has  recently  been  found  that  the  sera  of 
some  cows  from  Europe,  Al'rica,  and  India  protect  against  yellow  lever 
virus.  It  is  probable  tluit  these  virucidal  properties  are  due  to  some 
physiological  condition  and  not  to  a  previous  infection  with  the  virus 
ol"  yellow  I'cvcr. 

An  immense  amount  of  information  has  accumulated  about  the 
nature  of  the  virus  and  the  method  of  its  spread,  the  clinical  aspects^ 
and  gcoiu'aphical  tlistribution  of  the  disease,  and  the  methods  ol 
prophylactic  inoculation,  and  many  of  the  apparently  well  grounded 
older  conceptions  have  necessarily  been  modified.  'I  he  scene  is  changing 
so  quickly  that  it  is  becoming,  incrcasiiqgly  dillicult  to  present  a  com¬ 
prehensive  picture  of  the  disease.  It  appears  that  the  virus  is  more 
widely  distributed  than  the  clinically  recognizable  disease  hitherto 
known  as  yellow  fever. 

2.-'l'YI>i;S  AND  THITR  ChXX'.R APMK^Al , 
distribution 

The  followini.',  terms  have  been  sanctioned  by  international  usage:  (i)  Urhmifoni 
urban  yellow  fever,  transmitted  by  .•lA/e.v  lu^vpli  and  controllable  by 
antimosquito  measures  in  South  America  and  West  Al'rica;  at  present 
there  is  no  evidence  that  any  animal  plays  any  part  as  a  reservoir  ol 
the  virus  under  natural  conditions;  (ii)  rural  yellow  fever,  transmitted  Rural fim 
by  .-1.  acp^'pn  as  above;  and  (iii)  selvatic  or  Jnn.gle  yellow  fever,  occurring  Selmd^ 
independently  of  .-lA/e.v  and  assuming  epidemic  proportions  in  smulhein  -  ■ 

Brazil,  Bolivia,  and  eastern  ('olombia  but  occurring  sporadically  in 
Magdalena  (iiorlhern  Brazil)  and  the  valley  of  the  Amazon;  this  lorm 
attacks  only  those  who  enter  the  forests.  It  is  unknown  m  West  Atnca. 
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The  worlc  of  the  International  Health  Division  o  the  Rockefeller 
Foundation  has  shown  that  the  geographical  distribution  ol  yellow 
fevei  is  more  extensive  than  was  fornrerly  thought.  In  the  southern 
portions  of  the  United  States  on  the  Atlantic  coast,  especially  in  ht 
city  of  New  Orleans,  and  in  Panama,  extensive  epidemics  ravaged  the 
population  of  the  larger  towns  during  the  latter  part  ot  he  nineteenth 
eZZ  and  greatly  impeded  the  progress  of  public  works  and  g^im-a 
development.  This  was  especially  the  case  in  the  histone  episode  ot 
the  Panama  Canal.  In  the  seventeenth  and  eighteenth  centuries  yellow 
fever  constituted  the  scourge  of  the  West  Indies  and  hampeied  Butish 
enterprise  on  the  west  coast  of  Africa.  Ihe  story  of  these  epidunics, 
such  as  those  in  the  Spanish-American  war  and  m  the  campaign  in 

Cuba,  belongs  to  past  history.  .  „  ir  ■ 

To-day  yellow  fever  is  endemic  in  wide  areas  in  Brazil  as  well  as  in 

Boliviafcolonrbia,  and  Ecuador,  although  up  to  1925  it  was  generally 
believed  that  yellow  fever  no  longer  persisted  in  South  Amei  iui.  Fiom 
1927  to  1929  it  was  found  to  be  still  present  in  Rio  de  Janeiro,  wheic 
formerly  there  had  been  extensive  epidemics;  then  locidly  rnlected 
cases  were  discovered  in  the  States  of  Sao  Paulo,  Minaes  Geiaeiv  Rio 
Bahia,  Sergipe,  Pernambuco,  and  Para.  Two 

of  mosquito-conveyed  yellow  fever  were  reported  m  Colombia  ant 
Venezuela.  In  1930  the  viscerotome  was  introduced  for  the  purpose  o 
obtaining  liver  tissue  for  pathological  examination  and  animal  inocula¬ 
tion,  and  the  existence  of  jungle  yellow  fever  was  proved  to  exist  in 
the  Valle  de  Chanaan,  Espirito  Santo,  Brazil.  This  jungle  yellow  ever 
which  is  regarded  as  the  more  natural  and  permanent  foriiT  was  found 
Tn  an  outstanding  outbreak  at  Santa  Cruz  de  la  Serra,  Bolivia  (a  own 
of  20,000  inhabitants),  in  the  very  heart  ot  the  continent  some  1,000 
kilometres  from  any  known  focus  of  infection,  and  in  1933  imniunity 
surveys  showed  that  yellow  fever,  though  unrecognized,  had  not  been 
really  absent  from  any  part  of  the  Amazon  valley  lor  the  prevmus 
twenty  years.  From  1934  to  1936  it  was  shown  that  jungle  yellow  levei 

is  a  widespread,  important,  and  fatal  disease.  It  has  recently  been  pro  ved 

that  it  is  conveyed  by  the  bites  of  Aecles  kucocaneus,  Haemagogus 
capricorni,  and  certain  sabethine  mosquitoes.  There  appears  to  be  no 
reason  to  suppose  that  the  jungle  fever  and  yellow  fever  transmitted  by 
A  aegypti  are  not  identical  as  the  viruses  have  been  proved  to  be  the 
same,  but  man  is  an  important  source  of  infection  for  human  beings 
only  in  the  latter.  A  possible  reservoir  of  the  virus  m  jungle  yellow 
fever  exists  in  monkeys  and  opossums.  A  certain  proportion  of  South 
American  and  West  African  monkeys  (about  20  per  cent)  show  a  natural 
immunity  to  the  virus  of  yellow  fever,  and  do  not  appear  to  play  any 
part  in  its  dissemination. 

In  Africa,  Sawyer,  Bauer,  and  Whitman  have  shown,  as  the  result  of 
immunity  surveys,  that  yellow  fever  is  very  widely,  but  irregularly, 
distributed  in  a  region  extending  from  the  coast  of  Senegal  eastward 
for  approximately  3,300  miles  to  the  upper  reaches  of  the  White 
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Nile  in  the  Anglo-Egyptian  Sudan.  The  northern  boundary  is  the 
c.ilvirT  on  the  west  and  south  the  boundary  toliows  the  Atlantic  from 
'Cne^ai  to  the  extreme  north  of  Angola;  the  eastern  boundaiy  is 
S  by  the  western  luiir  of  Uganda  and  the  White  Nile  mad  extends 
'icross  Angola  to  the  southern  part  of  the  Belgian  Congo.  1  he  area  has 
maximal  width  of  about  1,400  miles  and  lies  between  the  latitudes 
of  16°  N.  and  6"  S.  Wliy  the  disease  has  not  spread  to  Kenya  and 

^Spoithc  mhbarks  of  urban  yellow  lever  continue  to  give  grave 
-nL-ern  in  West  Africa.  In  1935  there  was  an  epidemic  in  Bathurst  on 
i„vc,.iBa.cJ  l.y  During  l«7  it  wan 

rather  more  common  than  before.  Small  epidemics  occurred  at  Accia 
and  Mepom  in  the  Cold  Coast  and  m  Nigeria,  and  isolated  “  have 
been  notiiied  at  Braz/aville  and  Bangui  in  fu'cnch  b.quatorial  Aluca 
In  the  Amdo-l-gyptian  Sudan  it  has  been  found  that  70  to  SO  per  cent 
of  ta  cT.  a  'positive  mouse-protection  test  in  some  villages  in  he 
region  of  the  Nuba  mountains.  In  South  America  it  has  been  icpoited 

Irom  U  laboratory  infections  among  workers  Uihoratoiy 

A  number  ol  isolated  cases  oi  lauomuM^  ...  v  a  injection 

ciunmcd  in  investigating  the  virus  have  been  recoided.  Beiiy  a 

Khchcn  collected  thirty-live  cases,  but  since  the  introduc  ion  o  an 

cilieient  prophylactic  method  of  immunization,  these  laboratoiy 

“rilirnaii''il''irrtr.rOcJ  Ilia,  yellow  Ibvcr  l.us  liocn  imporle..  by 
,l,i,w  i„.l.  I’orloiial.  Spain,  aiul  .laly,  aiul  .won  to  .lie  aoapor.  .owns 
of  I'i-ance  and  Circat  Britain,  but  the  disease  has  never  spiead  inland. 

Concern  is  now  fell  that,  with  the  advent  of  the  aeroplane  and  imrtoi 
car  and  the  opcniim,  up  of  roads  in  the  Dark  Continent  and  in  South 
Ainmica  yellow  fever  may  be  introduced  info  India  or  China,  whe.e 
immunity 'tests  have  shown  that  the  disease  has  never  existed,  at  leas 

in  historic  times. 


3.- 


-l'.l>U)i:MK)laOGY  AND  IMMUNITY 


11  has  been  staled  in  Ihe  older  works  dealing  wilh  the  epidemiology  ol 
yellow  fever  lhal  it  is  especially  liable  to  break  out  and  spread  in  1  e 
'squalid  and  insanilary  surroundings  .if  Ihe  wharves  ;; 

l,.,or  seaport  towns,  and  imlil  rccenlly  .1  appeared  lo  be  hue  Lh. 
yclhi  V  liver  was  indeed  a  disease  of  the  seaboard  and  seldom  spre  d 
imd  and  lhal  when  it  did  so  it  leaded  to  follow  lines  ol  communica¬ 
tion.  In  former  times  it  often  occurred  epidemically  in  "''ij " 
the  lih.-,h  seas  and  spread  from  one  ship  to  another  while  WGN 

lying  in  port  oil  the  coast  of  Porliigal  and  southern  luanee.  ■ 

midm-slood  lhal  it  may  break  out  in  a  dry  climate,  ^ 

norlhern  Nit-eria,  or  in  Ihc  humid  steaming  atmospheie  ol  the  loie.  . 
o,  the  A.na;.n.  Yellow  fever  requires  for  its  dissemination  a  mean 


[voL.  XU 


664  YELLOW  FEVER 

atmospheric  temperature  of  75“  F..  and  it  does  not  extend  its  range 
beyond  40“  north  and  35°  south.  That  urban  yellow  fever  cannot 
continue  to  exist  or  spread  in  a  locality  where  the  mosquito  is  not 
present  in  sufficient  numbers  appears  to  explain  many  historic  instances 
in  which  no  special  antiinosquito  measures  have  been,  employed  and 
yet  the  disease  has  disappeared. 

The  virus  can  enter  the  body  through  unbroken  skin  and  so  yellow 
fever  may  follow  handling  infective  material.  Two  hospital  intections 
have  been  recorded  in  laboratory  technicians  making  blood-slides  and 
performing  biochemical  examinations  on  blood  withdrawn  Irom  the 
veins  in  the  initial  stages  of  the  fever  (Low  and  Fairley).  Seveie  and 
fatal  infections  have  also  resulted  from  performing  necropsies  on 
infected  monkeys. 

Prolonged  residence  in  an  endemic  area  of  yellow  fever  does  not  lead 
to  immunity,  and  the  indigenous  natives  who  pass  unscathed  through 
an  epidemic  do  so  not  because  ot  any  inherent  protective  attributes 
but  because  of  a  previously  acquired  and,  it  may  be,  a  mild  oi,  aborted 
attack.  After  the  subsidence  of  an  epidemic  it  can,  in  lact,  be  shown 
that  the  number  of  persons  who  give  a  positive  reaction  to  mouse- 
protection  tests  (see  p.  669)  is  very  much  greater  than  the  numbei  ol 
those  who  presented  the  clinical  manifestations  of  yellow  fever. 

When  the  virus  of  yellow  fever  is  inoculated  into  rhesus  monkeys 
they  die  before  they  have  had  time  to  elaborate  immune  bodies  and 
therefore  in  a  highly  infective  state.  In  human  beings  antibodies  develop 
much  more  quickly  so  that  at  the  time  ot  death,  at  the  filth  or  sixth 
day  of  fever,  sufficient  immune  bodies  have  formed  to  make  their 
tissues  no  longer  infective.  The  serum  of  patients  who  have  recovered 
from  yellow  fever  contains  antibodies  which  protect  them  for^  the 
rest  of  their  lives  as  has  been  abundantly  proved  by  the  Rockeleller 
Commission’s  researches  in  INigeria. 

The  immunity  produced  by  one  attack  of  yellow  lever  is  pet  manent 
for  the  rest  of  the  patient’s  life.  The  virus  has  been  shown  to  exist  in 
the  human  body  for  about  107  hours  from  the  onset  ot  tire  fever, 
and  antibody  appears  about  80  hours  from  the  onset;  thus  virus  and 
antibody  can  co-exist  for  20  hours  or  more. 


4.-yiE.US  AND  VECTORS 

The  yellow  fever  virus  exists  in  the  circulating  blood  in  an  ultramicro- 
scopic  and  filterable  form  and  passes  through  Berkefeld  filters  V  and  W. 
Findlay  and  Broom  (1933)  showed,  by  filtration  through  collodion 
membranes,  that  the  size  of  the  virus  particles  is  approximately  between 
18  and  27  m/*.  As  shown  by  Sellards  and  Kindle,  it  can  retain  its 
vitality  when  suitably  preserved  in  a  proper  state  and  even,  when  dried, 
can  survive  for  many  months. 

The  virus  of  yellow  fever  is  pantropic  in  the  sense  that  it  can  produce 
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lesions  in  all  three  embryonic  layers.  All  strains,  however,  show  two 

major  tissiie-allinities  -  viscerotropic  and  neurotropic.  The  viscero-  Viscemtropic 

tropism  or  neui-otropisni  can  be  increased  under  certain  conditions. 

Thus  as  shown  by  I’licilcr,  the  virus,  when  injected  intracerebrally  a/fmitks 
into7nicc,'p.a)duces  encephalitis  and,  after  repeated  passage  in  mouse 
brains,  becomes  highly  neurotropic;  on  subsequent  subcutaneous  in- 
jectioninto  susceptible  rhesus  monkeys  it  does  not  give  rise  to  viscero- 
tropic  lesions  but  the  animals  remain  protected.  If  injected  into  monkeys 
intracerebrally  it  produces  enccplialitis.  At  the  same  time,  the  mortality 
rate  in  mice  injected  intracerebrally  is  not  diminished,  though  the 
incubation  period  is  markedly  prolonged,  bindlay  and  Claikc  (1935)  Rtcamcision 
showed  that  under  certain  laboratory  conditions  it  is  possible  to  yiscerotropic 
reconvert  a  neurotropic  strain  into  the  ordinary  viscerotropic  type.  strain 
Elmendorfand  Smith  showed  that  the  virus  can  be  successfully  grown  CulMn 
on  the  chorio-allantoic  membrane  ot  the  chick  embryo.  When  the  i„c;tiihranes 
virus  is  grown  in  serum  T'yrode  medium  containing  dther  minced  -f 
chick  or  mouse  embryo,  the  pathogenicity  to  monkeys  ot  the  pantropic 
strains  on  subcutaneous  or  intraperitoneal  inoculation  is  greatly 
reduced  and  neurotropism  is  not  increased  on  intracerebral  injection. 

For  the  purposes  of  study  and  also  for  the  preparation  of  protective  CoMa- 
vaccines,  the  virus  can  be  concentrated  by  an  ultra-centrifuge  which  is 
run  regularly  at  60,000  revolutions  per  minute  and  in  which  the  rotor  cenuifugauon 
is  placed  in  a  liigli  vacuum,  ('omplclc  sedimentation  of  the  virus  is  not 
obtained  and  a  small  proportion  remains  in  the  supernatant  fluid  even  ^ 

when  the  haemoglobin  lias  been  separated  out.  The  virus  so  obtained 
is  inactivated  in  distilled  water  and  in  physiological  saline  solution. 

Hence  all  suspensions  should  be  made  in  monkey  scrum  or  in  ascitic 
fluid.  Both  the  viscerotropic  a  ml  neurotropic  strains  arc  inactivated 
by  a  temperature  of  6()'  to  65  '  C.  atul  by  photodynamic  action  and 
elves  such  as  metlivlenc  blue  or  proflavine,  or  exposure  to  a  pointolyte 
light’.  On  the  other  hand  they  can  withstand  strong  disinfectants,  such 

as  mercuric  chloride  (1  in  7,500)  and  phenol  (1  m  150). 

I'hc  incubation  |ieriod  of  yellow  fever  rarely  exceeds  lour  or  live  days, 
the  limit  apipears  to  he  about  thirteen  or  fourteen.  A  period  of  twelve 
days  must  elapse,  after  the  mosquito  has  had  a  meal  ol  inlected  blood, 
before  the  virus  can  be  elfeetively  transiilauted  to  another  human 
being.  This,  the  extrinsic  ineuhation-period,  appears  to  he  the  exact 
time  which  the  virus  takes  to  develop  in  the  body-cavily  ol  n^^s- 
qiiito;  but  this  perioil  has  been  found  to  vary  with  the  temperature 
and  the  strain  of  the  virus,  being  slightly  longer  with  those  obtained 
from  the  South  Ameriean  jungle.  Therefore  a  period  of  at  least  a  fort¬ 
night  elapses  between  the  recog, nition  of  yellow  lever  in  a  pidicnt  in 
a  district  (hitherto  considered  immune)  and  the  occurrence  of  the  lirst 
ca™  whici,  c,«k-n,ic.  Tl.crdo.x,  ii.  order  Hurt  yellow  lever 

can  conliiuic  (c)  exist  and  spread  m  a  population,  the  lollowmg  ^onc  i  spread 
lions  ore  nceessnry:  ID  Ihc  specilie  virus;  (ill  a  sriiUMe  vrtot;  and  (,,,)  ./to 
stiseepliliie  liiitoan  lieinys  livitig  under  eoudilions  in  which  virus  an 
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man  are  accessible  to  the  AMcs  mosquito.  This  is  generally  recognized 
as  occurring  in.  the  urban  form  ol  (he  disease. 

Vector  The  optimal  temperature  for  the  development  ot  the  virus  within  the 

body-cavity  of  the  mosquito  is  26°  C.,  the  extremes  being  18“  to  37°  C., 
which  correspond  with  the  mean  temperature  of  those  regions  in  which 
yellow  fever  is  endemic.  Under  natural  conditions  it  appears  that  the 
percentage  of  mosquitoes  which  become  infective  is  extremely  small. 
Momitoe.  The  principal  vector  is  AMett  aegypli.  The  female  insect  does  not  lay 
actingas  gggg  until  she  has  had  a  complete  blood-meal,  and  then  deposits 
them  within  a  period  of  three  days  from  the  date  of  feeding.  It  has 
recently  been  thought  that  other  species  of  mosquito,  under  laboratory 
conditions  at  any  rate,  can  transmit  the  virus.  In  northern  Nigeria 
Specks  which  Mansonia  ajricana  may  possibly  act  as  a  vector.  The  following  mos- 
have  acted  as  quizes  have  been  found  able  to  transmit  yellow  fever  by  biting,  under 
laboratory  conditions,  (i)  Mosquitoes  with  universal  distribution: 
conditions  aegypti  and  Culex  fatigam.  (ii)  European  mosquitoes:  Aedes 

^eniculatus .  (iii)  African  mosquitoes:  Aedes  viltahis,  A.  ht/eocephalus, 
A.  africanus,  A.  sitnpsoni,  A.  stokesi,  Mansonia  africona,  Cidex  ihalas- 
sius,  and  Eretmopodites  chrysogaster.  (iv)  Asiatic  mosquitoes:  Aedes 
albopictus.  (v)  South  American  mosquitoes:  Aedes  fluvialilis,  A. 
scapularis,  A.  leucocaneus,  Haemagogus  capricorni,  and,  very  feebly, 
H.  janthinomys.  In  general  aedines  are  crepusculai  and  non-acdincs 


nocturnal  ill  their  habits. 

Incubation  The  incubation  period,  the  period  betore  a  mosquito  becomes  inlective, 
period  in  depends  mainly  upon  the  temperature.  At  37“  C.  four  days  suffice;  at 
mosquito  ^  eighteen  days;  but  at  lower  temperatures,  10°  to  15°  C.,  the 

virus  persists  in  the  body-cavity  of  the  mosc]uitoes  without  theii  bite 
Development  being  infective.  The  development  ot  the  virus  appeius  to  be  simple, 
of  virus  in  body-cavity  of  the  mosquito  acting  as  a  sort  of  culture  medium 

mosquito  infective  mosquitoes  are  ground  up  and  fed  in  a  syrup  to  normal 

mosquitoes,  they  too  become  infective  alter  the  usual  incubation 
period.  Aragao  has  shown  that  the  virus  is  present  in  the  alimentary 
canal  of  the  insect  for  ten  days  after  an  infective  meal  of  blood  but 
that  subsequently  it  becomes  centred  in  the  salivary  glands. 


5 -PATHOLOGY  AND  MORBID  ANATOMY 

Biochemical  The  biochemical  changes  in  yellow  fever  can  be  interpreted  as  intei- 

changes  ference  with  the  liver  function  by  the  action  of  the  virus.  There  is  a 

loss  of  glycogen  from  the  liver  and  a  reduction  in  the  blood  sugar.  In 
infected  rhesus  monkeys  there  is  an  increase  in  the  blood  ot  guanidine- 
Morbid  like  substances.  The  morbid  changes  in  the  liver  are  held  to  be  so 

changes  in  characteristic  that  it  is  possible  to  arrive  at  a  diagnosis  by  micro- 

scopical  section  alone.  The  organ  is  friable  and  of  a  yellowish  colour 

which  has  been  compared  to  that  of  boxwood.  The  cytoplasm  undei  goes , 

in  whole  or  in  part,  hyaline  degeneration  in  which  the  tissue  stains 
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intensely  wilii  cosiii.  In  a  small  number  of  cells  the  nucleoplasm  is 
occupied  by  acidophilic  intratmclear  masses  ol' inclusions,  Councilman 
bodies,  which  arc  similar  to  those  in  other  virus  diseases.  Ihe  liver 
cells  are  often  separated  Irom  one  another  and  tend  to  assume  a 
rounded  shape.  I'he  necrotic  changes  in  the  liver  cells  have  been 
known  as  hyaline  necrosis  and  produce  an  appearance  ot  intense  latty 
deceneration.  'The  most  marked  changes  were  found  in  the  mid- 
zonal  region  of  the  liver  lobules.  The  kidneys  show  haemorrhagic  toci  In  kidneys 
under  the  capsule  and  the  renal  epithelium  undergoes  cloudy  swelling 
which  passes  on  to  fatty  degeneration.  The  tubules  here  and  there  are 
filled  with  lime  casts.  There  is  a  slight  leucocytosis  early  in  the  disease,  »  WW 
followed  by  a  leucopenia.  At  first  the  polymorphonuelear  cells  pre¬ 
dominate  but  there  is  a  rise  in  the  mononuclears  during  convalescence. 


6.-c:lini(:al  ficturl 

Recent  experience  lias  shown  that  yellow  fever  presents  a  wide  variation  of 
symptoms  and  that  the  external  signs  luive  little  relation  to  the  virulence 
of  the  infecting  agent.  The  illness  may  begin  insidiously  with  a  slight 
chill.  Beeuwkes,  in  an  analysis  ol  mild  cases,  reported  that  the  most  con¬ 
stant  symptoms  were  headache,  pain  in  die  baek  and  extremities,  photo¬ 
phobia  anorexia,  prostration,  congestion  ot  the  eyes,  and  a  tongue 
coaled  in  the  centre  with  red  edges  and  lip.  In  these  mild  cases  the  illness 
passes  olf  within  live  to  six  days  without  vomiting,  icterus,  albuminuiia, 
or  any  resemblance  to  the  very  terrible  disease  true  yellow  tever. 

In  acute  yellow  fever  the  initial  fever  is  sudden  and  lasts  three  to 
four  days  Tlie  temperature  reaches  its  maximum  in  the  first  twenty- 
four  hoin-s  and  may  rise  to  1().V  or  even  104"  F.,  but  during  the 
siilweuueiit  three  or  four  days  it  falls  and  becomes  normal  or  even  sub¬ 
normal.  From  the  onset  lieadachc  is  the  chief  feature;  lor  the  most 
part  the  pain  is  concent  rated  on  the  forehead  and  ret  erred  to  the 
evc'-balls  and  in  most  cases  there  is  photophobia.  Fain  in  the  loins  is 
prominent  and  may  be  as  severe  as  that  of  smallpox.  1  here  are  also 
intense  pains  in  the  bones,  especially  in  the  ankles.  Itpigaslr.c  pain  is 
also  noticeable.  The  eyes  are  pink  and  bloodshot  and  have  a  luicty 
look.  The  face  is  nushed  and  swollen.  The  skin  throughout  the  lev^ 
remains  liol  and  dry.  In  the  early  stages  ihe  pulse-rate  vanes  Irom  00 
to  120  and  is  of  the  typical  febrile  type,  full  and  strong;  but  during  the 
‘period  of  calm’  it  becomes  remarkably  slow  and  easily  compressib  e--- 
a  typical  bradycardia  of  .10  to  40  beats  a  miinile.  1  his  lulling  or 
pulse-rate  with  a  rising  temperature  constitutes  Fagot  s  sign  .  Th 
tongue  soon  becomes  coaled  on  the  dorsum  but  the  edges  remain 
clean,  and  it  remains  small  and  pointed  throughout  the  disease.  In 
serious  or  fatal  cases  the  tongue  becomes  dry,  and  thirst  is  intolerable, 
at  the  same  time  there  may  be  blceiling  from  the  gums. 

By  the  third  day  the  sclcrotics  show  an  icteric  tinge  and  usually 
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skill  assumes  the  bright  yellow  tint  from  which  the  disease  derives^its 
name;  but  this  is  not  seen  in  cveiy  case.  In  fatal  cases  the  discoloration 
becomes  intensified  and  may  become  a  deep  mahogany  brown,  when 
it  emits  a  peculiar  odour  which  has  been  coinpaied  to  that  ol  a  hsh- 
market.  Petechial  subcuticular  haemorrliagcs  may  also  occur  and  p,ve 
a  blotchy  blue  or  violet  appearance.  An  erythematous  condition  oi  the 
vulva  or  scrotum  is  often  noted. 

Nausea  and  vomiting  are  almost  invariable.  In  the  eailiei^  stages 
bilious  vomiting  is  common;  later  there  occurs  the  black  vomit  which 
is  regarded  as  a  fatal  sign.  This  vomit,  which  is^intensely  acid,  consiste 
of  broken-down  blood-corpuscles  suspended  in  a  yellowish  mucoid 
fluid.  Sonictinies  there  is  a  trank  hacmatemesis  but  similar  haem  or  i  hagts 
may  occur  from  almost  any  orifice. 

Albuminuria  is  present  from  the  outset  and  is  an  important  leatiire 
from  the  point  of  view  of  both  diagnosis  and  prognosis.^  Should  the 
exudation  of  albumin  become  excessive,  suppression  ol^  urine  nray 
occur.  In  severe  cases  the  amount  of  urine  passed  may  fall  to  a  few 
ounces;  it  is  very  acid  and  may  contain  bile  pigments  and  bile-stained 
tubular  casts  from  the  fifth  day  onwards. 

Insomnia  is  usually  present  from  the  start  but  delirium,  is  uncomnion. 
Restlessness  marks  the  initial  period,  torpor  or  coma  the  end.  A  well 
marked  tache  can  be  demonstrated  on  the  torehead  and  sometimes  also 
on  other  portions  of  the  body. 

Death  may  occur  in  the  early  acute  stage,  being  usually  piesagcd  by 
hyperpyrexia,  but  most  deaths  occur  on  the  iitth  err  sixth  day.  It  has 
often  been  remarked  that  death  seldom  occurs  be! ore  the  thiid  and 

rarely  after  the  eleventh  day.  ^  ^  ^  . 

In  mild  cases  the  ‘period  of  calm’  which  sets  in  after  the  subsidence 
of  the  initial  fever  may  usher  in  convalescence.  In  severe  cases^  the  phase 
is  followed  by  a  third  stage  which  is  known  as  the  ‘stage  of  reaction’ 
— a  remitting  fever  of  an  adynainic  type,  which  persists  lor  several 
days  or  weeks.  Should  there  be  any  complications,  such  as  boils,^ 
parotitis,  or  buboes,  this  may  be  of  long  duration.  In  the  period  ol 
reaction  the  icterus  becomes  more  pronounced  and  black  vomit  recurs. 
Relapses  are  very  rare  but  when  they  occur  are  extremely  severe. 


7-PROGNOSIS 

Initial  rigors,  convulsions,  diminution  in  excretion,  of  urine,  coma,  and 
haemorrhages  are  all  regarded  as  unfavourable.  On  the  other  hand, 
prognosis  is  good  if  the  temperature  in  the  initial  fever  does  not  exceed 
103^"  to  105°  F.  According  to  Sternberg,  in  cases  in  which  the  tempera¬ 
ture  rises  to  over  106°  F,,  there  are  no  recoveries.  The  mortality  among 
newcomers,  or  the  unacclimatized,  ranges  between  25  and  30  per  cent, 
but  among  the  permanent  indigenous  inhabitants  it  is  much  lower, 
7  to  10  per  cent. 
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8 -DIAGNOSIS  AND  DIFFERENTIAL  DIAGNOSIS 

Within  the  hrst  three  days  of  the  fever  the  virus  is  readily  transmitted 
bv  inoculation  of  blood  into  rhesus  monkeys,  but  it  is  mucE  cheaper 
■iL]  more  convenient  to  inoculate  infective  blood  intracerebrally  int 
white  mice  in  which  the  cliaracteristic  encephalitis  is  produced  within 
Tetn  to  Nt’ecn  days.  In  fatal  cases  yellow  fcver  is  diagnosed  histologic¬ 
ally  by  detection  of  the  characteristic  changes  ot  the  liver.  In  recovered 
,-.4s  the  mouse-protection  test  may  be  employed.  ,  „  .  „  , 

piixtii..,,  ICS, wliicl,  Cl.,,  IX  Iiscci  for  U.c  <11;, gnosis  »' f”  Sf'" 
in  patients  who  have  recovered  from  the  disease,  are  based  on  the 
f-K  that  after  an  attack  of  yellow  fever  immune  bodies  arc  abundant 
fthe  scrum  duriim  life,  and  that  when  admixtures  of  immune  serum 
and  virus  arc  injected  into  susceptible  animals  infection  does  not  occui. 

A  Dositive  ‘monkey-protection  test’  denotes  that  the  anima  survives 
aftir  the  injection  of  a  mixture  of  the  visccrotropic  virus  and  the  serum 
WhL,  llx  licrolropic  virus  is  c.ploycil,  a  .„ix,urc  ot  <1«  no™- 
ilfcdcd  ,n..„sc  brail,  is  iajccicrl  into  ,i,icc  sitolaneously  ..ml  al  U 
ciamc  lime  the  animal  is  inoculated  intracerebrally  with  staich.  It  tl 
s'eriim  fails  to  protect,  the  mice  develop  encephalitis;  this  is  known 
:r.,,ca,..,.mc.,,r..,cd,,,,,,dl.l,d^ 

!““sa,,,'ri,™^if  MVic.  a„<l  So.ill,  Aa.crici,  Have  been  shown  to 

be  in  ,  aisiiniyuished  from  the  pernicious  forms  Differential 

Severe  ye  low  level  must  He  ciisiinginsncu  ^  i  ,  diagnosis 

r  KiaHi.in  malaria  (the  bilious  remittent  lorms),  blackwatei  Icvu, 
:::,;t.r:r:;:,;<ii;,c's,,ir-.ci,.x 

t,  .  r  .  .  infoctivc  hcpuiiUs  (catdii  nci-i  .Di-uncuGGj. 

Tlir usual '  nmlh^  of  blood  examination  serve  to  exclude  subtertian 

nril-iria  miless  there  is,  as  .sometimes  happens,  a  concomitant  malaiial 

mttimi:  Dengue,  inllueiiva,  and,  in 

resemble  (he  mild  or  abortive  lorms  ol  ye  Ow  Icvu, 

fever  is  not  uncommonly  diagnosed  as  yc  ^  ’ 

deaths  have  occurred  in  a  district  within  a  lew  ‘  ^ 

especially  when  they  have  been  preceded  by  level  and  black  vomit, 

the  suspicion  of  yellow  fever  becomes  a  certainty. 

9.-TREATMENT 

,,  ,,  . . .^.Vhnlwlaxis  is  directed  towards  the  Prophylaxis 

In  the  urban  type  ol  yellow  Icvci  i  y  -  .  vj  Aedes  Extermina- 

Avmrmiiviiion  of  mosciuitocs,  especially  the  doracstic-Diccauig  /ic« 

extci  ni mat  i  „,,wled'>e  of  the  habits  of  this  insect.  All  empty  mosquitoes 

n..::,  be  o,reelni.,ly  omened  end  a.,  puddles 
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and  stagnant  pools  tilled  in.  The  use  of  mosquito-nets  should  be  made 
compulsory. 

Special  measures  have  become  necessary  in  recent  years  on  account 
of  the  increase  of  aviation  and  have  been  sanctioned  by  an  Inter¬ 
national  Sanitary  Commission  for  Aerial  Navigation.  Prophylactic 
inoculation  as  a  practical  measure  of  immunizing  visitors  and  residents 
in  an  endemic  area  of  yellow  lever  is  now  being  widely  undertaken. 
The  original  method  was  based  on  the  fact  that  the  yellow  fever  virus, 
when  it  has  become  fixed  for  mouse  brain  by  repeated  intracerebral 
inoculations,  fails  to  produce  viscerotropic  lesions.  American  and 
English  workers  added  sufficient  immune  human  serum  to  counteract 
the  possible  circulation  of  the  virus  in  the  blood-stream.  In  France, 
however,  Laigret  has  used  the  neurotropic  yellow  fever  virus  obtained 
from  mouse  brain  either  alone  or  mixed  with  egg-yolk  or  bile.  Some 
thousands  of  persons  have  been  immunized  by  this  method;  not  only 
may  the  immediate  reaction  be  extremely  severe,  but  a  very  considerable 
number  of  cases  of  involvement  of  the  central  nervous  system  have 
been  reported.  The  use  of  the  neurotropic  virus  alone  is  therefore  too 
dangerous  to  be  recommended.  At  present  both  in  England  (Findlay 
and  MacCalluin,  1937)  and  in  America  the  attenuated  pantropic  virus, 
cultivated  in  serum  Tyrode  medium  containing  minced  chick  embryo, 
is  now  solely  employed.  At  first  the  virus  inoculum  was  combined 
with  human  immune  yellow-fever  serum,  but  since  1 936  the  virus  alone 
has  been  injected  and  some  thousands  ot  persons  have  now  been 
immunized  without  any  serious  reaction. 

Findlay  and  MacCallum  also  drew  attention  to  a  peculiar  form  of 
jaundice,  resembling  epidemic  hepatitis,  with  an  enlarged  and  tender 
liver,  which  may  develop  two  to  seven  months  after  yellow-fever 
inoculation  and  which  takes  usually  five  to  six  weeks  to  clear  up. 
About  ninety  cases  have  been  noted  in  a  series  of  3,100  inoculations. 
With  a  change  of  the  strain  of  the  virus  no  further  cases  of  jaundice 
have  occurred  among  more  than  2,000  persons  immunized.  The 
explanation  of  this  curious  complication  is  almost  certainly  that  some 
extraneous  hepatotoxic  agent  of  a  virus-nature  was  injected  with  the 
yellow-fever  virus. 

It  is  now  generally  recognized  that  in  the  treatment  of  yellow  lever 
general  measures  and  nursing  are  more  important  than  drugs.  The 
patient  must  be  nursed  in  bed  throughout.  The  injection  of  immune 
serum  is  the  one  potent  measure  available,  and  this  is  only  of  value 
during  the  incubation  period  when  it  may  decrease  the  severity  of 
..the  disease.  A  purgative  from  the  onset,  such  as  castor  oil,  is  beneficial. 
Hot  mustard  pediluvia  have  acquired  a  reputation  for  relieving  the 
intense  headaches.  During  the  high  fever  frequent  tepid  spongings,  or 
even  cold  baths,  may  be  employed  carefully.  Calcium  lactate  in  large 
doses  by  mouth  is  probably  of  value  in  counteracting  the  excess  of 
guanidine  in  the  hlood.  Glucose  is  indicated,  as  in  other  hepatic  con¬ 
ditions,  and  injection  of  5  units  of  insulin  improves  its  assimilation. 
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Glucose  should  be  given  in  1  drnclini  doses  by  Ihe  mouth,  but  when 
nausea  alid  vomiting  are  present  amounts  of  10  fluid  ounces  or  more 
of  5  per  cent  solution  of  glucose  should  be  injected  intravenously. 

Water  lemonade,  or  barley  water  should  be  freely  given  to  counteract  Fluids 
the  failure  of  renal  function.  Imr  tlic  first  three  clays  all  food  by  mouth  Diet 
should  be  withheld.  When  the  appetite  returns  small  ciuantities  of 
bland  food,  such  as  teaspoonfuls  of  albumen  water,  iced  milk,  oi 
chicken  brcflh,  should  be  permitted  and  gradually  increased.  Nutrition 
nnv  be  aided  by  nutrient  enemas.  As  regards  specific  treatment  the 
..r  Sla  bbers  l,»  gai,.«l  a  l.isl.  rcpulalioi,.  This  is^di.-ected  to 
counteract  the  acidity  of  the  gastric  and  mlcstmal  contents  by  a  mixture 
of  150  grains  of  sodium  bicarbonate  and  gram  of  mercuric  chloride 
in  a  quart  of  water;  1 1  fluid  ounces  of  this  are  given  every  hour. 
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ZONA 

See  Herpes,  Vol.  VI,  p.  513 


ZONDEK-ASCHHEIM 

REACTION 

See  Pregnancy,  Vol.  X,  p.  62 


ZOSTER 

See  Herpes,  Vol.  VI,  p.  513 
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NOTE 


An  exhauslivc  analytical  index  to  the  British  Encyclopaedia  oj 
Mccliccd  Practice  follows  the  completion  of  this  work.  In  the 
volume  index  below,  each  individual  title  is  separately  indexed  in 
the  volume  to  which  it  belongs,  and  there  arc  additional  references 
and  cross-references  to  assist  the  reader  in  finding  whatever  in¬ 
formation  he  may  require  as  easily  and  quickly  as  possible. 

The  entries  in  heavy  type  (e.g.  Tetanus)  indicate  the  mdividual 
titles;  those  in  large  capitals  (e.g.  A.m.iR. tALDEN’S  TEST)  indicate 
the  additional  references  and  cross-rclerences. 
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whooping-cough  cause  ol,  6^l 
toxicology.  111,  68,  69,  77.  80  83,99 
trypanosomiasis,  in,  269,  *-/() 
veins,  anatomy  oL  527 

thrombosis  ol  supcrlicial,  lo 
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BRANDSEER,  veldt  sore,  synonym  for,  538 

BRONCHITIS,  imdulant  fever  f 

whooping-cough  complicated  by,  02U 

BRONCHO-PNEUMONIA,  miliary  tuberculosis,  diagnosis  from  tuberculous,  305 
BKUtMO,nu  poisoning  cause  ot  aspiration,  75 

imdulant  fever  complicated  by,  3Ci9 

BRUCELLOSIS,  undulant  lever,  synonym  lor,  361 


C 

CALCULUS,  tonsil,  of,  43 
umbilical,  356 

uret’hxal,  391 

CAMP  FEVER,  epidemic  (louse-borne)  typhus,  synonym  tor,  329 

CARBON  MONOXIDE  POISONING,  66-69,  149,  150 

CARCINOMA,  alpha  particle  as  carcinogenic  agent,  194 
Bartholin’s  gland,  ot,  610 

cervicis,  fibroid,  diagnosis  from,  467 

cervix  uteri,  of,  480-489 

choroi  d,  ot  5 1 3 

trachea,  of,  206 

umbilical,  359 

iirethral,  39l_  ^ 

uterine  fibroids  invaded  by,  459 

uterus,  of,  479-493 

vagina,  of,  61 3 

vulva,  of,  609 

xerodermia  pigmentosa,  sequel  ol,  6-^7,  6-h 

X-rays,  cause  of,  189,  190 
CARUNCLE,  urethral,  61 1 
CAVERNOUS  SINUS  THROM:BOS1S,  20 
CELLULITIS,  omphalitis,  sequel  of,  354 

CEREBROSPINAL  FLUID,  acute  miliary  tuberculosis,  in  diagnosis  of,  303 

aspirin  poisoning  cause  ot  salicylates  in,  78 
barbiturate  poisoning,  in,  82 
cerebral  thronibosis,  in,  18,  19 
diagram  of  circulation  of,  272 
torulosis,  in,  54,  56 
trypanosomiasis,  in,  27L-274 
tumour  dissemination  by,  316 
yaws,  in,  651 

CHEILOSIS,  riboflavin  deficiency,  relation  to,  582 

CHILOPA  (bleeding  disease),  onalai,  254 

CHIUFA,  minor  tropical  disease,  254 

CHOLERA,  fungus  poisoning  resembling,  122 
trichiniasis  resembled  by,  244 

CHOROIDITIS,  498,  499,  509-5 1 1 

COCAINE  POISONING,  97,  98 

COCHIN  SORE,  tropical  ulcer,  synonym  for,  256 

COMA,  poisoning,  caused  by,  94,  96,  98,  99,  lOO,  105,  113,  149,  166 
tick-typhus  cause  of,  343 
uraemia  cause  of,  381 
whooping-cough  in  infants  cause  of,  621 
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/•  yvN  II  INCriVITIS,  arsenic  cause  oE  137 
C.C)N.iuiNv  (.raiiular,  trachoma,  syiioiiyiii  lot,  210 

n-ilis,  dia!’no.sis  from,  502 
trttchoma,  complicated  by,  -  ^ 

diagnosis  Irom  phlyctenular,  210 

tularaemia  cause  of,  3 1 1 

CONVIII.SIONS,  poisoning,  caused  by,  98,  103,  105,  113,  166.  177 
C.()NVt.tr.o  'tiek-typhus  cause  ol,  343 

whooping-cough  cause  oh  (n  K  o-i 

COWPOX,  and  transmission  of,  516 

CULLEN'S  SIGN,  359,  360 

CYANOSIS,  aniline  poisoning  causc  ol.  177 
dinilroben/cnc  catisc  ol,  1 /3 
nitrous  funtes  cause  ol,  1.5.-.  I. so 
irachettl  tubei'ctilosis  catisc  ol,  -04 
tumour  cause  ol,,-0' 

Irinitrololucuc  cause  o\,  I  75 

CYCLITIS,  498,  490,  503,  504,  505,  506  507,  508 

trypaitos()ivaasis  cause  oh  *-// 


CYSTOCELE,  dclinition  of,  437 


D 


DL.L.R-l'l-Y  El  tVl'.R,  tularaemia,  synonym  Wn',  309 

lyi'RMATlTlS,  arsenic  cause  of  industrial,  Ly> 

1)1  Kivi/v  11.1,  cause  ol,  140 

radium  cause  ol,  192 

trinitrotoluene  cause  ol,  1/5 

veUlis,  vekll  sore,  .yrmva'Hi  tor,  538 
vitamin  U  in  relation  to  scborrhocic,  5J8 

X-ray, 

DftRMA'I'OSlS  KAPOSI,  xerodermia  pigmcnto.sa,  syiumym  for, 
DESERT  SORli,  veldt  sore,  synonym  for,  538 
DlABETTiS  MEl.l.lTl  IS, 

ln;pies:ineidene;)in,249 
vulvitis  couM’^licating,  nU/ 

diarrhoea,  arsenical  poisoning  ettuse  of,  HO 

uraenua,  in,  3S3 

diphtheria,  lonsilleclomy  influence  on  incidence  ol,  43 
1)11  11 1 111.1X1/  diagnosis  Irom,  41 

traciicilis  in, 

lo>pics,  iucidcucc  in,  *-4/' 
uiubilical,  355 

divert  urachal  cyst  resembling,  402 

DOYNE’S  HONEYCOMB  CHOROIDITIS.  514 

DYSPNOEA,  carbon  monoxide  poisoning  cause  ol,  68 
dinitrobenzcnc  cause  ol.  173  ^  ^ 

foreign  body  m  iraelica  ctiiisc  ol ,  - 
iracheal  obstruclion  cause  t  ,  JL5 
tumour  cause  ol,  ^tJ/ 
trichi niasis  cause  oh  243 
tuberculosis  of  trachea  cause  of,  *- 
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EGYPTIAN  OPHTHALMIA,  trachoma,  synonym  for,  210 

encephalitis,  post-wcinal,  523,  524  .  ,  , . .  r, 

torulosis,  diagnosis  Irom  epidemic,  56 

vertigo  caused  by,  545 

ENDEMIC  GLANDULAR  FEVER,  mite-typhus,  synonym  for,  347 
ENDEMIC  TYPH  US,  flea-typhus,  synonym  for,  337 
ENTEROPTOSIS,  visceroptosis,  synonym  for,  559 
‘EPIDEMIC  VERTIGO’,  of  Gerlier,  545 
EPILEPSY,  cerebral  thrombosis  cause  of  focal, 

strychnine  poisoning,  diagnosis  from,  105 

vertigo  caused  by,  545 
EPISPADIAS,  405,  406 

ERUPTIONS,  atropine  poisoning,  in,  96 

trypanosomiasis  cause  of  erythematous,  4-/0 
vaccination,  due  to,  522 
yaws,  of,  645,  646 

EXSTROPHY  OF  BLADDER,  ectopia  vesicac,  .synonym  for,  402 


F 


PAGET’S  SfGN,  in  yellow  fever,  667 

FAMINE  FEYER,  epidemic  or  louse-borne  typhus,  .synonym  for,  329 


FIBROIDS,  UTERINE,  449-472 

retroversion,  diagnosis  from,  430 


FIBROLIPOMYOMA,  lipomyoma,  synonym  for,  472 

FIBROMA,  fibroid  tumour,  A’y^HO/jym  for,  449 

fibromyoma  and  fibrosarcoma,  vagina,  ot,  ou 
trachea,  of,  206 

FIBROMYOMA,  fibroid  tumour,  synonym  for,  449 

FltVRE  BOVTONNIUSE,  tick-typhus,  345 

FISTULA,  recto-vaginal,  carcinoma  of  cervix  cause  of,  483 
umbilical,  356 
urethral,  390,  403 
vaginal,  613  . 

vesico-vaginal,  carcinoma  of  cervix  cause  ot,  4S3 

FOLIE  MVSCARINIQUE,  fungus  poisoning  cause  of,  121 

FRAMBOESIA,  yaws,  synonym  for,  631 

FREUND-KAMINER  TEST,  for  cancer,  323 

FUNGI,  poisonous,  120-123 

G 


GANGOSA  (rhinopliaryngitis  mutilans),  yaws  cause  of,  652,  653 

GANGRENE,  mercury  cause  of,  115 

omphalitis  cause  of,  354 
typliris  cause  of,  334 

GASTRO-ENTERITIS,  cerebral  thrombosis  caused  by,  17 
whooping-cough  cause  of,  621 
(  6  ) 
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GASTROPTOSiS,  564 

GERHARDT’S  sign,  iradical  obstruction,  in.  205 
GlDDlNliSS,  vertigo,  symmyiu  for,  544 
CilE’SI'lilG  veldt  sore,  synonym  for,  53K 
GLE.NARO’S  DISEASI',  visceroptosis,  synonym  for,  559 

GOUNDOU,  65.5,  654 

1 1 

HAEMOPHILUS  PERTUSSIS,  whooping-cough  caused  by,  616,  617 
,,AEMORRf.ACi.a 

carcinouKi  of  uterus  cause  nl,  4N-,  421 
intestinal  trichiniasis  cause  ol,  243 
nickel  carbonyl  cause  ol,  16_ 
uuinsv,  seriuei  ol,  41 
sarcoma  <'f  ulerns  cause  ot,  4// 
umbilical,  3.S/ 

ulerinc  librouls  cause  ol,  461 
vitamin  1'  in  relation  to,  Wtt 

HEMIPUUGIA,  cerebral  thromhosis_causc  of,  IH 

t(')mU>sis  cause  ol, 
tremor  seciucl  ol,  233 

HONE’S  DlSIiASE:,  llea-typhus,  synonym  for,  337 
HYDR0UE1‘11AI.US,  otitic,  diagnosis  from  thrombosis  ot  duraUmus 

IIYDROUIH.ORIG  ACID  POISONING,  70,  7 1 

HYDROGYANIU  agio  poisoning,  H5  KH,  151^ 

HYPl'RPYRIiXlA,  dinitrophenol  poisoning  cause  of,  177 
phenol  poisoning  cause  ol,  94 
imdulatil  fever  cause  ol,  36P 
yellow  fever,  in,  66K 

HYPOSPA17IAS,  403  405 

1 

IMMUNITY,  epidemic  lyp'uis,  in,  332 
tuberculosis,  m, 

\v!it>opinj*rcougn,  m,  ol/ 
yaws,  iu,  b4l 
yellow  lever,  lu,  664 

INDIAN  TK31<.A''YPHIJS,  345 

industrial  poisoning,  129 . 199 

IRIDO-CYCI  JTIS,  505 

IRITIS,  497,  498,  499  503  ^ 

,l  AIL  EE:VE:R,  epidemic  or  kmse-borne  typhus,  synonym  for,  - 
j  APANENE  RIVI'R  E'EiVE'.R.  mite-typhus,  .vymw>m  for,  3 
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JAUNDICE,  arseniuretted  hydrogen  cause  o  ,  164 
haemolytic  fungus  cause  ol,  123 
phosphorus  poisoning  cause  ot,  1 IH 
toxic,  notification  of,  129,  135 
toxic,  trinitrotoluene  cause  of,  175 
trichlorcthylene  cause  of,^  1 85 
yellow  fever  cause  of,  668 


K 


KERANDEL’S  SIGN,  trypanosomiasis,  in,  276 

KERATITIS,  iritis,  diagnosed  from,  503  :..i  on 

trachomatous  pannus,  diagnosis  f  rom  inteistiluil,  _13 
trypanosomiasis  cause  of  interstitial,  277 


KERATOSIS,  yaws,  in,  647 

KINNIER  WILSON’S  DISEASE,  tremor  caused  by,  233 

KRAUROSIS,  vulva,  of,  609 

KUSSMAUL  RESPIRATION,  uraemia,  in,  383 


L 


LABOUR,  bicorniiate  uterus  in  relation  to,  423,  424 
colporrhaphy,  after,  447 
retroversion  complicating,  434 
torticollis  caused  by  difficult,  49 

LABYRINTH,  structure  of,  546 

LATERAL  SINUS  THROMBOSIS,  19,  20 

LEIOMYOMA,  fibroid  tumour,  synonym  fiir,  449 
iris,  of,  512 

LENTIGO  MALIGNA,  xerodermia  pigmentosa,  synonym  for,  626 

LERMOYEZ’S  VERTIGO,  550 

LIEBEN’S  IODOFORM  TEST,  alcohol  in  urine,  for,  399 


LIVER,  acute  necrosis,  phosphorus  poisoning  cause  of,  1 17 

acute  yellow  atrophy,  of,  fungus,  poisonous,  cause  of,  123 
amoebic  abscess  of,  undulant  fever,  diagnosis  from,  374 
necrosis,  tetrachlorethane  cause  of,  184 
omphalitis,  spread  of  infection  to,  354 

foxicob^^1n,77,  80,  106,  109,  111,  117,  118,  1 19,  121,  123,  146,  178, 


undulant  fever,  in,  363,  368 
vitamin  content  of,  576 
yellow  fever,  in,  666 


LUMBAR  PUNCTURE,  aspirin  poisoning,  in,  78 

barbiturate  poisoning,  m,  82 
cerebral  thrombosis,  in,  22 
torulosis,  in,  56 
uraemia,  in  diagnosis  of,  384 


LUNG,  carcinomatosis,  miliary  tuberculosis,  diagnosis  from,  303,  305 
diseases,  trachea,  displacement  of,  cause  of,  201 
embolism,  sequel  of  phlebitis,  535 

emphysema,  whooping-cough,  sequel  of,  620  ^ 

fungoid  infections,  miliary  tuberculosis,  diagnosis  from,  305 
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cerebral  lliromhosis,  associated  with,  J  8 
miliary  congestion,  miliary  tuberculosis,  diagnosis  trom,  305 

”■  "■ «■  '«■ 

tuberculosis,  undulant  lever,  diagnosis  IVom,  375 

LYMPHATIC'  GLANDS,  torulosis  Ilf,  53,  55 

trypanosomiasis,  in,  269,  275,  277 

yaws,  in, 

LYMPHATIC’  TISSUL'-,  miliary  tuberculosis  involving,  301 

I  YMPHATICS,  umbilical,  anatomy  ol',  354 
veins,  relation  to,  52b 

LYMPHATISM,  status  thymico-lyniphaticus,  synonym  lor,  30 
lymphoid  HYPBRPI  ASTIC  DISLASLS,  thymus  in,  29 


M 


MAC'C'ALLAN'S  OPLRATION,  for  entropion,  219 
‘MAC’HLT  LLG’,  yaws  cause  ol',  650 

MAL'I’A  LTVl'R,  undulant  lever,  synonym  (in  part)  for,  361 
MANGANLSL,  industrial  poisoning  by,  145  -147 
ML'DITL'.RRANLAN  LLVL'R,  undulant  fever,  ,viww>’/h  lor,  361 

MLI.ANOMA,  choroid,  of,  512 

ciliary  body,  oi,  51 « 
iris,  oi;  5;!  I 
vulva,  of,  610 


MLI.ITBNSIS  I'liVIiR.  undulant  fever,  synonym  for,  361 

M  LNli'RL’S  SYNDROML,  Meniere’s  disease  as  cause  ol  vertigo  compaied  wR|l 


MENINGITIS,  cerebral  thrombosis  ctuised  by  purulent,  17 
torulosis  cause  ol,  53,  55 

diagnosis  from  tuberculous,  56 
t rypamosoiuiasis  cause  ol  IcptouKiiingitib,  a.).  ,  -4. 
tularaemia  complicated  by,  31 1 

MRNORRHAGIA,  arcuate  uterus  cause  ol,  421 

bciv/ciie.  iioisomng  cause  ol,  169,  170 
■■  aI'  461 


lihlTMtlN  cause 


MLRGDRY  poisoning,  113  116,  138 . 142 

MILl'l'ARY  OPH  THALMIA,  trachoma,  synonym  for,  210 

MORPHINL  poisoning,  99  iOl 

MOSSMAN  L'LVLR,  349 

MOSSY  LOO  T,  minor  tropical  disease,  253 

MURINB  TYPHUS,  nea-typhus,  synonym  (or,  326,  335,  337 

MYOLIPOMA,  lipomyoma,  .vvmw.wi  lor,  472 

myoma,  libroid  tumour,  synonym  for,  449 


N 

NAGA  SORB,  tropical  ulcer,  synonym  tor,  256 
NATAL  SORB,  veldt  sore,  synonym 
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NEPHRITIS,  methyl  chloride  poisoning  cause  of,  !8I 
tonsillar  sepsis  cause  of,  42 
tricliiniasis  resembled  by,  244 

‘NEURASTHENIC  VERTIGO’,  545 

NICOTINE  POISONING,  101 

NITRIC  ACID  POISONING,  71,  72 

NOMA,  gangrenous  vulvitis,  synonym  tor,  608 

O 

OLIGURIA,  causes  of,  395 

OMPHALITIS,  causes,  symptoms,,  and  sequelae,  354 
ONALAT,  or  chilopa  (bleeding  disease),  minor  ti'opical  disease,  254 
OPHTHALMIA,  granular,  trachoma,  synonym  (oi\  210 
OSTEOMALACIA,  adult  rickets,  as,  591 

P 


PANNUS,  traclioma  cause  of,  213,  215 

PAPILLOMA,  trachea,  of,  206 
umbilical,  358 
urethral,  391 
vulva,  of,  609 

PARALYSIS,  arsenic  cause  of,  112 

atropine  poisoning  cause  of,  96 
manganese  poisoning  resembling  spastic,  146 
veldt  sore  complicated  by,  541 

PERTUSSIS,  whooping-cough,  .vyvKwyw  for,  616 

PHLEBITIS,  535,  536 

PHLEGMASIA  ALBA  DOLENS  (white  leg),  phlebitis,  sequel  ol^  535 

PHOSPHORUS  POISONING,  116-119 

PHOTOPHOBIA,  iritis  cause  of,  499 

torulosis  cause  of,  55 
yellow  fever,  in,  667 

PIGM:ENTAT10N,  arsenic  cause  of,  1 1 2,  1 37 

xerodermia  pigmentosa  cause  of,  627 
yaws,  in,  647 

PNEUM'ONIA,  omphalitis,  sequel  of,  354 

tularaemia  complicated  by,  311 
whooping-cough  complicated  by,  620 

POLYPUS,  mucous,  adenoma  of  corpus  uteri,  synonym  for,  473 

POLYURIA,  causes  of,  395 

PROLAPSE,  of  uterus,  436-447 

PRURITUS  VULVAE,  608 

PSEUDO-URAEMIA,  379 

PUPILLARY  MEMBRANE,  persistent,  496 

PUPILS,  anisocoria  of,  496 

atropine  poisoning,  in,  96 
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pnpil.S . continued  .  , 

‘  ^  "  barbiturate  poisoning,  »b  M 

cocaine  poisoning,  in, 

fungous  poisoning,  nn 

morphine  :!nd  opiuiii  poisoning,  in,  99,  100 
nicotine  poisoning,  in.  lUl 
occlusio  piipillac,  iritis  cause  ‘^'[,4^ 
scclusio  papillae,  iritis  cause  ol,  4)7 

torulosis,  in,  55 


PYO-UMBILICUS,  causes  of,  355 


QUEENSLAND  COASTAl  .  lOtVItR,  nhle-typhus,  synonym  for,  347 
quinsy.  41,  42 

R 

rabbit  I'EVER,  tularaemia,  synonym  for,  309 
RADK)C;RAl>llY,hO^^^^^^^^^^^^^ 

radium,  iniurics  from,  i^)l . U'^5 

RADUIM  Tni,<Al'V, 

Paris  technique,  488 
sarcoma  of  uterus, 

Slockholtii  technique,  48/ 
utei’inc  fibroids,  for,  46> 

RAYNAUD’S  DlSIiASE,  l.cnnoyc/’s  vertigo  in,  530 

REX'TOUELE,  Oelinilion  of,  437 

RESRIRATORY  DISEASES,  tropics,  incidence  in,  252 

radium,  as  portal  ol  entry  uE  U4 
torulosis,  route  of  invasion  ol, 

rfT1NAJ»»,k^P.™ 

RETINEEIS  PItiMEN'EOSA,  choroiditis  resembling,  510 
RE'EROVE'.RSION  OE'  U'EERUS,  427  4.34 
R,  IEUM  A'EISM,  ,,  e  of  42 

tonsilleetoiny  in  relation  h>  ‘t^-tilc,  43 
tonsillitis  in  relation  to  acute,  4t) 

tropics,  incidence  in,  .-51 

rocky  mountain  .TVCR,  ..f  l!aN»n  type  ,ipk-,ypl,».  ™~y».  fou  3«> 

ruptured  URE'EIIRA,  387 

S 

‘SABRE  'EIBIA’,  yaws  cause  of,  ().50 

SARCOMA,  choroid,  of,  .513 

choroiditis,  diagnosis  liom,  auv 
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SARCOM  K--coFitinrmJ 
iris,  of,  512 
radium  cause  of,  194 
trachea,  of,  206 
umbilical,  359 

uterine  fibroids  invaded  by,  459 
uterus,  of,  475-479 
veins,  of,  536 
vulva,  of,  610 

SCH'AFER  artificial  respiration  METIIOD,fbr  gas  poisoning,  147 
SCRUB  TYPHUS,  348 


SCURVY,  avitaminosis  C,  as,  582-584 

SEA-SICKNESS,  223,  225,  226,  227,  228,  229 

SETVIINAL  VESICLES,  diseases  oL  553--558 

SEPTICAEMIA,  cerebral  thrombosis  caused  by,  17 
omphalitis  cause  of,  354 
tropics,  incidence  in,  249 
unclulant  fever,  diagnosis  :from,  375 

SHIP  TYPHUS,  flea-typhus,  symnyin  for,  337 

SHOP  TYPHUS,  flea- typhus,  for,  337 

SILVER,  industrial  poisoning  by,  142-145 

SKENE’S  TUBULES,  urethral  caruncle  caused  by  infection  of,  611 
urethritis,  involved  in,  61 1 

SKIN,  arsenic  cause  of  lesions  of,  1 1 1,  112 
hydrochloric  acid,  action  on,  70 
mercury  absorbed  by,  138 
nitric  acid  action  on,  71 ,  72 
sulphuric  acid  effect  on,  72,  73 
torulosis  involving,  53,  55 
undulaat  fever,  in,  367 

SLEEPING  SICKNESS,  263-285 

SPERMATORRHOEA,  389 

vesiculitis  cause  of,  555 

SPINAL  CORD,  torulosis,  involved  in,  55 

SPINAL  DISEASE,  torticollis  caused  by,  50 

SPLANCEINOPTOSIS,  visceroptosis,  synonym  for,  559 


SPLEEN,  carbon  monoxide  poisoning,  in,  68 
epidemic  typhus,  in,  334 
generalized  tuberculosis,  in,  301,  302,  305,  306 
ptosis  of,  565 
torulosis  of,  53,  55 
trench  fever,  in,  238 
imdulant  fever,  in,  363,  365,  368,  372 


SPOTTED  FEVER,  of  Rocky  Mountains,  tick-typhus,  Rocky  Mountain, 

synonvm  for,  340 

STATUS  THYMICO-LYMPHATICUS,  30-36  ' 


STOMACH,  emotion  affecting  position  of,  560 

poisoning,  in  cases  of,  70,  71,  73,  74,  91,  93,  109,  1 14,  117,  169 

STRICTURE  OF  URETHRA,  389,  390 


STRYCHNINE  POISONING,  102-104 
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SULPHANlLAMn)!',  contra-indicated  in,  536 

tonsillitis,  in  treatment  ol,  41 

trachoma,  in,  221 

unilulant  lever,  in,  3/7 
vesiculitis,  in,  554 
whooping-cough,  in,  624 

SULPHURIC  A('H>  POISONING,  72,  73 
SYM PATHETK:  1  RllK)-( 'YC 'LITIS,  .506 

i:,t7risi.s.s  on..™. f.o.„,  303 

lonsiUi'.’is!'oiT.f'..i.>sis  fro...  .^.xo.id.iry,  41 

torulosis,  diastnosis  from, 

IraclK'a,  of, 

verlia.o  caused  by,  545 


Tetanus,  b4  5.  b'ig.  t 
aetiology,  -  5 
anlitoxiu,  Hb  1 1 
catgut  source  of,  3 
clinical  pictiu'c,  5  I  4  7 

ClasiridUun  /c/u/// cause  ol,  3  4,  /,  s 
diaitnosis,  bacteriological,  /,  « 
dilTcrcntial,  S 

<.jysphag,ia  caused  by  5,  (\  1 

faeces,  tetanus  bacilli  lu,  . 

inuuuuity  and  Ky  7 

incubation  pcrsod,  prog,nosis  anccttti  by, 

lesions,  types  ol,  3  ^ 

lockjaw,  syn(>ii}'fii  lor,  .. 
muscular  rigidity,  5  ^  7 

onset  period,  prognosis  in  i elation  t( ,  / 
prophylaxis,  10 
rcllcx  spasms,  0,  b. 
respiration  allected,  6 
risiis  sardonieus,  5 
soil,  tetanus  bacilli  lU,  3 
spores,  tctaruis,  2,  3,  4 
toxin,  tetanus,  4,  0  It),  1  ^ 

route  to  spina!  cord  ol,  4,  ,7 
trauma,  elVect  of,  2,  3 
treatment,  10  14  ^ 

antitoxin,  ll,  l«  1'^  13 

a,vertin  for  control  of  rcllcx  spasms,  U, 

trismus  caused  by,  5,  7 
types  of,  0,  7 
wood-wool  source  ot,  3 

TETANUS,  strychnine  poisnning.^ttog"^’*^'^  f  > 

tropics,  incidence  m, -4;'  Vn1  Til  v.  419',  end 

TETANY.  Ace  ( 'onviilmons  in  Gland  Di^ases,  Vol.  IX,  p.  428 

TETANY,  inlantilo,  vitamin  13  in  relation  to,  590 

uraemia.  Ill, -TM,  .'A-  <4 1 .  t  .mr.  Diseases:  Abscess 

THORAC'()PLAS'm^  Vol.  VlII,  pp.  180  and  206 
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THROrvIBO-ANGllTIS  OBLITERANS.  .SVt' Ari’erial  Diseasii  and 

DeciE'neration,  VoI.  11,  p.  46 

THROMBOPEILEBITIS.  See  Vew  Diseases,  p.  536 

TIHROMBOPHLBBITIS  MIGRANS,  aetiology  and  treatment,  536 

THROMBOSIS,  epidemic  typhus  cause  of,  334 

Thrombosis  of  Cerebral  Veins  mi  Sinuses,  17-^-T2 
aetiology,  17,  18 
cavernous  sinus,  of,  20 
cerebral  veins,  superficial,  of,  18 
cerebrospinal  fluid  in,  18,  19 
dementia  caused  by,  1 8,  20 
epilepsy  caused  by,  18,  20 
gastro-enteritic  dehydration  cause  of,  17,  18 
hemiplegia,  otitic,  caused  by,  18,  20,  21 
hydrocephalus,  otitic,  caused  by,  19,  20,  21 
infective,  17,  20 
lateral  sinus,  of,  19 

To  bey- Ayer  test  for,  1 9 
no  n-i  n  feet  ive,  17  ,  20 
papilloedema  caused  by,  1 9,  20 
proptosis  caused  by,  20 
sepsis  cause  of,  1 7 
superior  longitudinal  sinus,  of,  18 
treatment,  21,  22 

lumbar  puncture,  22 
surgical,  21 

THRUSH.  See  Fungous  Diseases,  VoL  V,  p.  465 

Thymsis  Gland  Diseases,  23»-38.  Plates  1~^41L  Fig.  2 
accessory  nodules,  28 
adrenals,  in  relation  to,  28 
anatomy  and  embryology,  23-25 
atrophy,  28 

blood-forming  tissue  diseases  aflecting  thymus,  29 
calcification,  possible  relation  to,  25,  26 
congenital  absence,  28 
diseases,  28-30 

endocrine  system,  relation  to,  27,  28,  30 
gonads,  in  relation  to,  28 
growth,  relation  to,  26,  27,  28 
hyperplasia,  36,  37 

diagnosis  and  radiography,  36 
X-rays  and  radium  in  treatment,  37 
lymphatism,  status  thymico-lymphaticus,  synonym  for,  30 
myasthenia  gravis,  29 
myxoedema,  thymic  atrophy  in,  27 
parathyroid  tumour,  relation  to,  25 
physiology,  25-27 
pituitary,  in  relation  to,  28 
status  thymico-lymphaticus,  30-36 
thymic  death,  30-34 

syndromes,  34-36 

syphilis,  29 

thymectomy,  thyroid,  effect  on,  27 
thymitis,  acute,  29 

toxic  goitre,  thymic  hyperplasia  in,  27,  29 
tuberculosis,  29 
tumours,  29,  30 

Cushing’s  syndrome,  in  relation  to,  30 
‘thymoma’,  30 
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thyroid,  thynuts  ickition  lu,  27 

torulosis  involving' "  • 

lrc.v.o.'  caused  by  ovcr-ucl.vity  ol,  23- 

thyroid  Ol,ANl>  D.SI^ASnS,  599 

THYROIDliOTOMY,  thymus,  dl'cct  i)U,  2/ 

na's.  .SVC  Aklukoluus  D-slasl:,  Vol.  U,  p.  .34;  u./ B.tls  3,, 

■nNbA 

— . 

IX,'p.  50();  end  ToxicouxiY,  p.  R'l 
TobEY-AYI'R  'ritST,  tor  Uu-ombosis  ul'  lateral  sinus,  19 

Tonsils  Diseases,  40  47  It^s.  3,  4 
acute  tonsillitis,  40,  41 
abscess  scc|ncl  ol,  40 
acute  rhcuinaiisiu.  relation  to,  40 
causes,  40,  41 

calculus,  43  _ 

"f. « 

treatmciil,  41, 42 
removal  or  tonsils,  43  4/ 

acute  tonsillitis,  atlu,  4i 

chronic  tonsillitis,  lor,  4„ 

dinlilhci’ia  iu  relation  to,  4,  . 

i ca  ions  and  contra-indications,  43,  44 
Iteunatie  lever,  in  relation  to  43 
scarlet  iever,  in  relation  to,  43 
technique,  44-47 

dissection  method,  4/ 
guillotine  method,  44 
luiemorrhage,  trcaiment  ol,  47 
torulosis  of,  53,  .55 
tuberculosis  ol,  44 

'llorticollis,  48  51 

acute,  50  . 

caused  Iw  adenitis,  50  . 

^  hbn>sitis  or  myositis^  50 
spinal  lesions,  50 
congenital,  48  50 

operation  and  afler-carc,  49,  50 
secondary  changes,  49 
spasmodic,  -‘'I  ,, 

cause  and  Irealincnt,  51 
wry  neck,  symmyni  lor,  4X 


Torulosis,  52-57 

aetiology,  52,  53 
blood  picture,  54 
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Torulosis— c*(?///iw//e£/ 

central  nervous  system  involved,  53,  54,  55 
cerebrospinal,  54 

fluid  in,  54,  56 
clinical  picture,  54,  55 
diagnosis,  55,  5() 
eye  lesions,  55 
granuiomas  caused  by,  53 
incubation  period,  54 
intracranial  tumour,  diagnosis  IVoni,  56 
invasion,  route  of,  53 
localized,  54 
lungs,  of,  53,  55 
men i  n gi t  ic  sy ni  plo nis ,  5  5 
meningitis  caused  by,  53,  55 
pathology,  53,  54 
sputum,  torulaein,  54,  56 
structures  affected,  52,  53,  55 
syphilis,  diagnosis  from,  56 
Toriila  histolytica  cause  of,  52 
treatment,  56 

lumbar  puncture,  56 
surgery,  56 

tuberculous  meningitis,  diagnosis  from,  56 


TOXIC  GOITRE.  Xce  Goitre  and  O'riiER  1:)iseascs  or  rwE  Tuyroid  Gland, 

Vol.  V,  p.  6()6 

Toxicology,  58-199.  Fig,  5 
abortifricicn  is,  1 23~1 25 


dangerous  poisons,  123,  124 
lead,  124 

emnienagogues  and  ccbolics,  1 23 
essential  oils,  124 
oxytocic  drugs,  125 
quinine,  125 
purgatives,  124 

Royal  College  of  Physicians  of  London’s  opinion,  regarding  ciiminal 

abortion,  65 

vegetable  drugs,  1 25 
accumulators,  in  making,  131,  163 
acetone,  industrial  poison,  as,  187 
acetylene  manufacture,  165 
aconitine,  95 

horseradish  mistaken  for,  95 
symptoms  and  treatment,  95 
aeroplane  nianufficture,  1 67,  1 83,  1 92 
alkalis,  74-77 
alkaloids,  95-105 

ammonia,  industrial  poison,  as,  1 60 
sources  and  precautions,  160 
ammonia,  poisoning  by,  75-11 
asphyxia  caused  by,  77 
deaths,  number  of,  caused  by,  6 1 
respiratory  tract,  effect  on,  76 
symptoms,  76 
treatment,  77 

analysis,  collection  of  specimens  for,  61 ,  62 
reports  on,  62" 


Under-Secretary  of  State,  application  to,  regarding,  64 
aniline,  industrial  poison,  as,  177,  178 
anilism,  177 
sources  and  uses,  177 
symptoms,  177,  178 
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aniline,  industTial  poison,  as . continued 

trealnicnt,  178 

antimony,  105 . 107 

butler  of  antimony,  105 
chronic  poisoning,  106 
enamel  vessels  as  source  ot,  105 
industrial  sources  of,  105 
ixithology,  106 
symptoms,  106 

treatment,  106  r  -7. 

aqua  foi'tis,  nitric  acid,  synonym  lor,  /I 

arsenic,  107 . '112 

acute  poisoning,  1 09,  1 10 

gastro-inlestina!  lorm,  109 
narcotic  form,  1 10 

analysis,  collection  ot  specimens  loi,  62 
detection  by,  107  ^ 
a rseniu retted  hydrogen,  108 
chronic  poisoning,  111,  112 

digestive,  catarrhal,  and  cutaneous  disturbances, 
motor  and  neuritic  disturbances,  1 12 
deaths  from,  number  ot;  61 
enema,  in,  108 
fatal  dose,  108 

ferric  hydroxide,  in  treatment,  1 1 1 
food  poisoning,  diagnosis  Irom,  1 10 
industrial  uses,  107,  108 
intestine,  changes  in,  109 
pathology,  108,  109 

specimens  for  analysis,  collection  ot,  6^ 
stomacli,  changes  in,  109 
subacute  poisoning,  110,  111 
diagnosis,  1 1 1 
symptoms,  110 
treatment.  111 
vaginal,  application  of,  lOK 
arsenic,  industrial  poison,  as,  136-13^ 
arscniurellcd  liydrogcn  gas,  136,  16. 
cancer,  in  relation  to,  p7 
dusts  of  compounds  ot,  136 
industrial  uses  of,  136 
lesions  caused  by,  136,  13/ 
notitication,  1 36 
preventive  treatment,  138 
warts  caused  by,  137  .  . 

arscninrctled  hydrogen,  indnstrial  poison,  as,  162-164 
anaemia  caused  by,  164 
clinical  picture,  164 

haemoglobinuria  caused  by,  164 
jaimdicc  caused  by,  104 
occupations  concerned,  163 
toxicity,  illustrations  ot,  163,  164 
artilieial  leather  nimuifaclurc  in  16/ 

silk  manulacture,  150,  185,  iol 
asphyxiant  gases,  148-151  ^ 

aspirin  (acetylsalicyhc  acid)  poisoning,  77,  78 
cerebrospinal  Iluid  in,  77 
deaths  from,  61 
fatal  dose,  77 
pathology,  76 

symptoms  and  treatment,  /o 
atropine  group,  95  97 
atropine,  96 
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Toxicology — continimi 

atropine  group — contiinied 

hyosciiie  (scopolamine),  96 
hyoscyaniine,  96 
solanaceoLis  plants,  95 
symptoms,  96 
treatment,  97 

barbiturate  poisoning,  78-82 
chemistry,  78 
coma  caused  by,  80,  8 1 
fatal  dose,  79  ^ 

list  of  barbituric  acid  compounds,  79 
pathology,  80 
pentothal  sodium,  82 
symptoms,  80,  81 
treatment,  81,82 
alcohol,  82 

lumbar  or  cisternal  puncture,  82 
strychnine,  82  ^ 
urine,  red  colour  of,  80 
barium  poisoning,  1 1 2,  113 
industrial  uses,  i  12 
pathology,  113 
poisonous  salts  of,  112 
soluble  sulphates  antidote  for,  1 1 3 
symptoms,  113  . 

barometer  and  thermometer  making,  in,  138 
benzene  and  hpmologues,  iiidustnal  poisons,  as,  166-1/2 
benzene,  167 
blood  picture,  170 

bone  marrow,  action  on,  167,  IbJ,  l  /U 
clinical  picture,  168-170 
diagnosis,  171 

haemorrhages  caused  by,  169,  170 

industrial  uses,  167 

naphtha,  168 

notification  of,  136,  172 

prognosis,  170 

sources  of,  166 

toluene,  168 

treatment,  171,  172 

volatility  of  benzene,  168 

xylenes,  168 

bladder  tumours,  dye  industry  cause  ot,  178-180 
causes  and  incidence  of,  178,  179 
clinical  picture,  180 
cystoscopy,  180 
prevention,  180 


bleaching,  in,  160  ^ 

powder,  manufacture  of,  145,  163 
brain,  effect  on,  68,  69,  77,  80,  83,  99 
breathing  apparatus  for  use  in  toxic  gases,  147,  148,  164,  166 
brewing,  in,  149, 1 50 


brucine,  102,  104 

burial,  effect  of,  on  detection  of  poison,  63 


cantharides,  105 


source,  105 

symptoms  and  treatment,  105 
carbon  dioxide,  industrial  poison,  as,  148,  149 
industrial  sources  and  uses  of,  149 


permissible  maximum,  149 
symptoms  and  prevention,  149 
carbon  disulphide,  industrial  poison,  as,  185,  186 
acute  poisoning,  185 
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carbon  disulphiclc,  iiid list  rial  poison,  as . continued 

chronic  poisoning,  186 
mental  symptoms,  Ibo 
notiheation,  136 

carbonTiwno^  poisoning  by,  149,  150 

oxygcivcai  bon  dioxide  mixlurc  in  ircalmcnt,  150 
sources  and  symptonis,  150 

carbon  monoxide  poisoning,  66-63 

acute,  67» . ~69 

age  in  relation  to,  135 
atmosphere,  test  of  suspected,  6/ 
blood,  action  on,  67 

specimen  collection  ol,  62 
carbon  dioxide  cilcct  cm,  66,  6b 

carboxyhacnioglobin,  formation  ol ,  6  / 

Newcomb's  test  for,  68 
chronic,  69 
coal  gas,  66 

deaths,  number  ol,  caused  by,  61,  (>(> 
neurasthenic  symptoms,  69 
pathology  and  syniptoms,  67,  6b 
physical  properties,  66 
reporting,  136 
sequelae,  69 

sources  of,  66  .  ioi  loi 

carbon  tetrachloride,  industrial  poison,  as,  Ibl  NbJ 
anaesthesia  caused  by,  lb2,  183 
analysis,  collection  ol  specimens  tor,  6-- 
lire  extinguishers  sinircc  ol,  182 

liver  and  kidneys  allectcd,  181, 

symptoms,  181,  182 

carbromaTgm^^  ureidcs)  poisoning  by,  82,  83 

myocardial  lailurc  in,  83 
pathology  and  symptoms,  83 
celluloid  making,  132,  167 

cellulose  making,  in,  187 

chemical  works,  in,  138,  155,  156,  160,  K)j, 
chloral  hydrate  and  allied  drugs,  poisoning  by,  83,  81 
chronic  poisoning,  84 
coma  caused  by,  83 
pathology,  84 

symptoms  and  treatment,  84 
chlorinated  hydrocarbons,  1 80  - 1 83 
industrial  uses,  180,  181 
chlorine,  industrial  poison,  as,  133 
sources,  155 

Christmas  cracker  .making,  143 
cinema  lilms,  making  ot,  183 
cocaine,  97,  98 
pathology,  97 
symptoms,  97 

potassium  permanganate  with  charcoal,  98 
colchicivm,  98 

SSrSS,  H  -X.,  «.  ».  lOO.  "3' 

conium,  98 

consultation,  64  . 

convulsions  caused  by,  98,  103,  105,  113,  loo, 

cordite  making,  in,  152,  187  ^  ^ 
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cremation,  effect  of,  on  detection  of  poison,  63 

cryolite,  158 

death  certification,  64 

deaths  from,  poisons,  table  ot,  61 


degreasers,  181,  184 
diamonds,  powdered,  125 
diagnosis,  63,  64  .  ,  .  tnn 

diethylene  dioxide,  industrial  poison,  as,  Ihl 
dioxan,  trade  name  for,  187 
symptoms  and  urine,  187 
dimethylarsine,  industrial  poison,  as,  65 
dinitrobenzene,  industrial  poison,  as,  1  /J,  I  /4 

absorption  through  skin  and  alimentary  canal,  i  /4 

alcohol,  effect  ol,  174 

blood  changes,  1 74 

prophylaxis,  174 

symptoms,  173 

urine  in,  174 

uses  ot,  173,  174 

diniti-ophenol,  industrial  poison,  as,  176,  177 

benzene  poisoning,  diagnosis  trom,  I  /! 
symptoms,  177 
urine,  effect  on,  177 

dry  batteries,  making  ot,  145 

dyeing  hSltry,'in!?34,  160,  167,  173,  174,  177,  178 

electric  meters,  1 38 


welding,  152 

electroplating,  85,  143  _ 

explosives  maniitacture,  in,  140,  15*-,  1/3,  1/5 
fertilizers,  manufacture  of,  149,  155,  156,  167 

field  glasses,  138  c  t  .n 

fire  extinguishers,  manufacture  ol,  149,  182 
hare  mines,  165  , 

fluoride,  sodium  aluminium  (cryolite),  158,  15/ 
anaemia  caused  by,  1 59 
fluorosis  of  bones  and  ligaments,  158 
gastric  and  respiratory  symptoms,  158,  195 
pneumoconiosis  caused  by  working  with,  158 
preventive  treatment,  1 59  _  ,  ,cr  ./ca 

fluorine  and  compounds,  industrial  poisons,  as,  155  loU 
danger  of,  156 

uses  of,  155  • ,  ic/-  ICO 

fluorine  and  hydrofluoric  acid,  156-158 
clinical  picture,  157 
glass,  action  on,  156 
treatment,  156 
uses  of,  156 

fluorine,  organic  compounds,  160 
refrigerants,  used  as,  160 
freezing  mixtures,  making,  149 
fungi,  poisonous,  120-123 
haemolytic,  122,  123 

symptoms,  and  treatment,  123 
irritant,  122 

symptoms,  and  treatment,  122 
muscarine,  as  poisonous  principle,  120 
nervous  and  severe  irritants,  120,  121 
pathology,  121 

symptoms,  and  treatment,  121 
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Toxicology  continued 
fungi  continued 

severe  irritant,  l-t, 
pathology,  121 
sy  nip  to  Ills, 
treatment, 
galvanizing,  in,  163 

gases,  66 . 69^ 

gclscmium,  9<S  ^  . 

glass,  powdered,  poisoning  by, 

'  workers  in,  143,  155,  156 

gSS, "'1*2005,  I0<., 

hides  and  lur  industry,  136 
hydi'oehloric  acid,  70,  71 

deaths,  number  ol,  caused  by,  61 
lungs,  elTect  on,  70 
pathology,  70 
skin,  action  on,  70 
stomacli,  action  on,  70  ^ 

symiilonis  and  complications,  /O,  /! 
treatment,  71  . 

hydrocyanic  acid,  industrial  poison,  as,  151 
sources  and  uses  oi,  151  ^ 
hydrocyanic  acid  poisoning,  85  88 
blood  bright  pink  in,  86 
chemistry,  85,  86  . 

cyanide  workers  tolerance  in,  8  / 
deaths  from,  61,  62 
fatal  dose,  86 
fumigation,  used  for,  85 
pathology.  86 
symptoms,  87 
treatment,  91 

sodium  thiosulphate,  87 
hydrogen  for  ballooning,  manulacturc  ot,  165 

industrial  poisoning,  1 28  "199 

age  and  iminunily  in  relation  to,  135 

chemists,  improvements  by,  133 

dust  and  fume  prevention,  130,  131 

education  of  workmen,  131,  132 

engineers,  improvements  by,  133 

baetory  Act  (1937),  diseases  notihablc  under,  129, 

b’actory  Department  of  Home  oilicc,  lu  ot 

hvgiene,  personal  and  general,  132,  b  3 

industrial  practitioner,  work  ot,  12; 

medical  inspection  under  State  siippoit,  130 
Mines  Acts,  130, 

multiplicity  of  poisons,  134 
notification  and  compensation,  135,  130 
portal  of  entry  of  poison,  134 
prevention  of  disease  in  industiy,  -/“135 

protection  of  workmen  hy  law,  12) 

Shops  Acts,  diseases  notiiiable  uncier,  129,  135 
Workmen  s  C'ompensation 
inorganic  and  metallic  poisons  105- UO 
insecticides,  manulacture  ol,  Kc  156,  18^, 
intestine,  elfcct  on,  109,  114,  117 
ipecacuanha,  98 
irritant  gases,  151  161 
kidneys,  ellect  on,  77,  )1,  bb  105 
lead  poisoning,  1 13 
leather  trade,  in,  134 
linoleum  making,  167 
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106,  109,  114,  115,  117,  121,  181,  187 
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luminous  pciint,  77  Qf-|  01}  09  oi  99  iq'^  103  i 

lungs,  efl^ct  on,  67,  68,  70,  72,  73,  77,  hi),  hi,  JA  i-h  10.,  iuj,  1 

manganese  as  iiidustricil  poison,  145~-i47 
clinical  picture,  146 
disseminated  sclerosis  resembled,  140 
histology,  146 

occupations  affected,  145  ^  , 

progressive  lenticular  degeneration  resembled,  146 
spastic  paralysis  caused  by,  146 
treatment,  preventive,  146  _ 

mercury  fulminate,  industrial  poison,  as,  I4it™l4i 
dermatitis  caused  by,  140,  141 

explosive  factories,  in,  140  _  .  i  At  tAi 

preventive  and  symptomatic  treatment,  141,  14*- 
mercury,  metallic,  industrial  poisoning  by,  l3o~l4u 
absorption,  route  of,  1 38 
electro-plating  in  relation  to,  133 
erethism  caused  by,  139 
felt-hat  industry,  139,  140 
occupations  causing,  1 38 
symptoms  of,  139 

thermometer  making,  140  . 

treatment,  preventive  and  symptomatic,  14U 

tremor  caused  by,  139,  232  .  ,  .  ,,  1^0 

niercury,  organic  compounds  of,  industrial  poisons,  as, 
ataxy  and  dysarthria  caused  by,  142 
fungicidal  dusts  source  of,  142 
symptoms,  142 
treatment,  142 

mercury,  poisoning  by,  113-116 
acute  poisoning,  1 1 4-1 1 6 
anuria,  operation  for,  1 1 6 
asphyxia,  caused  by,  1 14 
chronic  poisoning,  138 
complications,  115 
industrial  uses  of,  1 1 3 
intestinal  tract,  effect  on,  114 
kidneys,  effect  on,  1 14 
pathology  of,  114 

suppression  of  urine,  caused  by,  1 1 5 
symptoms,  1 15 
treatment,  116 

ulcerative  colitis  caused  by,  115 
meta,  metacet aldehyde,  synonym  for,  88 
metacetaldehyde,  88,  89 
convulsions,  88 
cramps,  88 

methylated  spirits,  substitute  for,  88 
slug  foller,  as,  88 
symptoms,  88 
treatment  89 

metaldehyde,  metacetaldehyde,  synonym  for,  88 
methyl  chloride,  181 

refrigerator  industry,  in,  181 
symptoms,  181 

mononitrobenzene,  industrial  poison,  as,  173 
morphine  and  opium,  99-101 
coma  caused  by,  100 
Dangerous  Drugs  Acts  in  relation  to,  99 
deaths  from,  61 
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nioi-phinc  and  opium — continued 

fatal  dose,  99 
pathology,  99 
pupils  in,  99,  101) 
rectal  a,dministration,  death  after, 
tolerance,  99 
treatment,  100 

colonic  lavage,  100 
gastric  lavage,  100 
potassium  pernianganatc,  100 
motor  fuel,  manufacture  of,  167 
nickel  carbonyl,  industrial  poison,  as,  161,  162 
haemorrhages  caused  by,  162 
oedema  of  lungs  caused  by,  162 
preventive  measures,  162 
symptoms,  162 
toxicity,  161 
nicotine,  101 

deaths  from,  61 

insecticide  in  horticulture  source  of,  lOu 
pupils  in,  101 

symptoms  and  treatment,  101 
nitric  acid  poisoning,  71,  72 
deaths,  number  ol,  61 
lungs,  eircct  on,  72 
pathology,  71 
stomach,  ellect  on,  71,  72 
sympltims,  72 
treatment,  72 

xanthoproteic  reaction,  71,  72 
nitro-  and  amino-derivatives,  172  -180 
toxicity,  172,  173 
nitrobenzene,  89,  90 

blotKl,  action  on,  89,  90 
patliology,  89 
symptoms,  89 
treatment,  90 
nitrous  t'umes,  1 3 1 » 154 

cyanosis,  caused  by,  152,  153 
diagnosis,  154 
latent  period,  153 

oedema  of  lungs  caused  by,  152,  153 
stnirces  of,  152,  153 
treatment,  154 
oxygen,  154 

ocsopluJS'dSi":. 'w,  7,,  7.7,74  ,7,  ,0,  1 ,4 

oil  of  bitter  almond,  imitation,  nitrobcn/ene,  sy/io/O /n  ioi, 
oil  (O'  mirbanc,  nitroben/.cne,  .vr//a/n’/n  lor,  89 
oil  of  vitriol,  sulphuric  acid,  sytiouyiu  lor,  /« 
organo-melallic  gases,  161  166 
oxalic  acid,  90  92 

f'pstnn  salts,  mistaken  lor,  a) 
kidneys,  action  on,  91 
pathology,  90,  91 
potassium  quadroxalate,  90 
stomach,  action  on,  91 
symptoms,  91 
treatment,  91,  92 

calcium  liydroxidc  in,  91 
paints,  in  making,  134,  167 
paraldehyde,  92 

symptoms  and  treatment,  92 
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Toxicology — conimuecl 

pharynx,  effect  on,  70,  71,  73,  74,  90,  93,  108, 
phenol  and  lysol,  92-95 

carboluria  caused  by,  94 
coma  caused  by,  94 
cresols,  93 
deaths  from,  6! 


114,  115,  169 


fatal  dose,  93 
kidneys,  eifect  on,  94 
lungs,  effect  on ,  94 
pathology,  93,  94 
stomach,  effect  on,  93 
symptoms,  94 
treatment,  94 

calcium  hydroxide,  94  ^ 

phenylenedianiine,  industrial  poison,  as,  174,  175 
uses,  and  symptoms  caused  by,  174,  175 
phosgene,  industrial  poison,  as,  155 
precautions,  155 
sources  and  uses  of,  155 

phosphoretted  hydrogen,  industrial  poison,  as,  165,  166 
ataxy  caused  by,  1 66 
clinical  picture,  166 
convulsions  and  coma  caused  by,  166 
ferro-silicon  source  of,  165,  166 
occupations  affected,  1 65 
prevention,  166 
phosphorus,  116-1 19 

acute  necrosis  of  liver,  caused  by,  117 
acute  poisoning,  117-119 
chronic  poisoning,  11 9 
deaths  from,  61 

gastro-intestinal  inflamination,  caused  by,  117 
jaundice,  caused  by,  1 1 8 
pathology,  1 1 7 

rat  poison  (rodine)  source  of,  1 1 7 
symptoms,  1 1 8 
treatment,  1 1 1 19 

copper  sulphate,  119 
potassium  permanganate,  1 19 
photography,  in,  138,  143 
physostigmine,  102 
police,  communicating  with,  64 
potassium  and  sodium  compounds,  74,  75 
complications,  75 
pathology,  75 

symptoms  and  treatment,  75 
pottery,  145 

prussic  acid,  hydrocyanic  acid,  synonym  for,  85 
radio-active  substances,  injuries  from,  191-195 
aplastic  anaemia,  192, 193 
auto-photography,  193 
bones  and  teeth,  deposits  in,  193 
carcinogenic  agent,  alpha  particle  as,  194 
dermatitis,  192 

luminous  paint  in  watch  industry  cause  of,  192,  193,  194 
necrosis  of  jaw,  193 
protection,  195 
radiation  osteitis,  194 

respiratory  tract  as  portal  of  entry,  193,  194 
sarcoma,  194 

red  spirit  of  nitre,  nitric  acid,  synonym  for,  71 

refrigerators,  155,  160, 181 

rubber  industry,  134,  149, 167,  181,  184,  185 
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Toxicoloey-"^ 

salts  of  Icnion,  potassium  quadroxalate,  synonym  loi,  JO 

sheep  dip,  in  niaiuilacUirc 

silver,  industrial  poison,  as,  '4--I  +5 

aruvria  nencrali/.ed,  caused  by,  I4.r-I45 
iocali/.ed,  caused  by,  145 
Christmas-cracker  making  source  ot,  I4.S,  144 

clinical  picture,  144  mi 

mirror-plating  and  clcctro-plating  sources  ol,  14.1 
pliotography  source  of,  143,  145 

preventive  treatment,  144 

silver  nitrate  manulacture  source  ot,  143,  144,  145 
silvering  glass  beads  source  ol,  143,  144 
smelting,  in,  136,  138,  163 

soap  making,  145  _  c..,,,  "70 

spid ts  ofsidts  hydn^bkrric  acid, 

Stomach,  eilect  on,  70,  7  ,  /3,  /4, 
strychnine  and  brueme,  10*-  104 

brucine,  104 

convulsions  caused  by,  103 
deaths  froni,  nunibcr  ot,  61 
epilepsy,  diagnosis  Irom, 
fatal  dose,  102 
opisthotonos  caused  by, 
pathology,  102 
soui'cc  of,  102^ 
symptoms,  1()3  ^ 

tetanus,  diagnosis  irom, 
treatment,  104 
sugar  manuracturc,  149,  150 
sulphonal,  poisoning  by,  H4,  ha 
haematoporphyrinuria,  84 
symptoms,  84 
treatment,  85  , 

sulphur  dioxide,  industrial  poison  as,  160 
precautions,  160 

respiratory  symptoms,  160  , 

sulphuretted  hydrogen,  industrial  U; 

oxygen-carbon  dioxide  mixture  in  ticatmeiit,  iji 

sources  o{\  150 

sudden  death  caused  by,  151 

symptoms,  151 

sulphuric  acid  poisoning,  72,  73 

dealhs,  number  ol,  caused  by,  /3 

dehydration  caused  by,  72,  73 

liver  and  lungs,  ciTcct  on,  73 

oil,  glycerine  and  syrups,  mistaken  loi,  U 

pathology,  72,  73 

skin,  cirecl  on,  72,  73 

symptoms,  73 

treatment,  73 

surgical  dressings,  in  making,  138 
synthetic  organic  substances,  /  f-JD 

tanning,  poisoning  in,  150 

tetrachlorethanc,  industrial  PO»son,  as,  183,  184 
aeroplane  industry,  use  in,  183,  184 
blood  picture,  184 
Jaundice  caused  by,  183,  84 
liver  necrosis  caused  by,  184 
IhalliLim,  1 19,  120 

aculc  poisoning,  I  '9,  go 
chronic  poisoning,  120 
epilators,  119 
industrial  uses,  119 
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pathology,  119 
symptoms,  120 
treatment,  120 
toxic  gases,  147-166 

breathing  apparatus,  147,  I4S 
classification,  physiological,  147 
oxygen-carbon  dioxide  mixture  in  treatment,  14/ 
Schafer  artificial  respiration  method,  147 
trichlorethylene,  industrial  poison,  as,  184,  185 
precautions,  185 

report  to  Factory  Inspectors,  136 
symptoms,  184, 185 

uses,  184,  185  _  .nc  t  nr 

trinitrotolLiene,  industrial  poison,  as,  175,  175 
absorption  by  skin,  174 
aplastic  anaemia  caused  by,_  176 
benzene  poisoning,  diagnosis  from,  171 
cyanosis  caused  by,  175 
jaundice,  toxic,  caused  by,  175,  176 
liver  necrosis  in,  176 
shell  filling,  used  for,  175,  176 
veratrum,  104 
war  gases,  69 

white  lead  manufacture,  149 
X-rays,  injuries  from,  187"-"  191 
alopecia  caused  by,  187,  189 
anaemia,  190 
burns,  189 
carcinoma,  189,  190 
constitutional  symptoms,  190 
deaths  among  professional  workers,  188 
dermatitis,  189 
industrial  uses,  188 
pain,  189,  190 
prevention,  191 
sterility,  190 
telangiectases,  189 
treatment,  191 

TOXICOMANIA.  See  Drug  Addiction,  Yol.  IV,  p.  246 

Trachea  Diseases,  200-208.  Plates  IV,  V.  Figs.  6,  7 
abnormalities,  congenital,  200,201 
compression,  207,  208 
aneurysm  of  arch,  207 
d’Espine’s  sign,  208 
Kopp’s  asthma,  207 
oesophagus,  lesions  of,  208 
retro-pharyngeal  abscess  in  relation  to,  208 
thymus,  enlargement  of,  207 
thyroid  enlargement,  207 
tracheo-bronchial  glands  enlargement,  208 
congenital  atresia  with  tracheo-oesophageal  fistula,  201 
displacement,  lung  disease  or  scoliosis  cause  of,  201 
foreign  bodies,  205,  206 

‘asthmatoid  wheeze’,  205 

audible  slap,  206 

clinical  picture,  206 

diagnosis  and  treatment,  206 

laryngeal  symptoms  complicating,  206 

‘palpatory  thud’,  206 
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Trachea  Diseases -roH/Z/^/cx/ 

obslruction,  205-208 

causes  and  symptoms,  205 
Gci-hardt's  sign,  205 
syphilis,  204 

stenosis  caused  by,  204 
symptoms,  204 
tracheitis,  acute,  2t)l  2t)5 
cough  caused  by,  200 
infectious  tliscases  causing,  -i)*- 
pain  caused  by,  202 
poison  gases  (war)  cause  of,  -ti- 
spLiluni,  202 
treatment,  202,  203 

tiachcUis,  c  ^  ^  and  treatment,  203 

trachcocde'caer 

trachcopathia  osteoplastica,  ^U(> 
tuberculosis,  204 

aetiology  and  symptoms,  204 
tumours,  206,  207 
benign,  206 
malignant,  206 
symptoms,  207 

Trachoma,  209  •221.  Plate  VI.  Fig.  8 

blcWike^cxcresccnces,  211,  213,  214 

bleplSSihtos^caiUhoplas^  in  treatment  of,  217 
blindness  caused  by,  213,  215 
cicatri/.ation,  21 1,  214 

'-r"‘ 

diagnosis  Irom,  -16 
corneal  limbus,  invasion  of,  213 
corneal  ulcer,  pannus,  diagnosis  Irani,  -13 
treatment  ol,  220 

diagnosis,  216 
ectropion,  21 5,  219 

entropion,  215,  217,  218 

epidemiology,  210 

follicle,  lymphoid,  211,  21- 

geographical  distribution,  -10 

Herbert’s  peripheral  pits,  -15,  -H) 

iniection,  mode  ol,  210  •  r 

interstitial  keratitis,  pannus,  diagnosis  Irom,  -13 

pannus  caused  by,  ,.4 

papillary  hypertrophy,  21 1,  213,  -14 

ptosis  caused  by,  214 

Rickclisiei  traclwnmtis  as  cause  ol,  -10 

rosettes,  215 

static  1  211,  212,  213,  216 
'  ^  11,211,213,214,217 

III,  211,  214,  217 

IV,  211,214, 217  ,,4 

SLibcpithelial  lymphoid  mliltiation,  - 

svnoityms,  210 
trcatiiient,  216  -221 

MacCallan’s  operation,  219 
mercuric  chloride,  217 

silver  nitrate,  216 
Streatfeild's  operation,  218 
tarsectomy,  results  01,  221  ^  ^ 
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Trachoma— c*o/if///wec/ 

treat  ment— Cf;/f  tinu  ed 

van  MillingciVs  operation,  218 
zinc  sulphate,  216 
trichiasis  caused  by,  2!  4,  21 5,  218 
yinis  disease,  210 

TRANSFUSION.  ^c^yBLOOD  Transfusion,  VoL  If,  p.  530 

Travel-Sickness,  222--230 
aetiology,  222-224 
auditory  factors,  223 
biochemistry,  224 
clinical  picture,  224-226 
diagnosis,  226 
diet,  229 

emotional  factors,  223 
labyrinthine  factors,  223 
metabolic  factors,  223 
movement,  222 
ocular  factors,  223 
olfactory  factors,  224 
prophylaxis,  226-228 
sedatives,  227 
sequelae,  226 
susceptibility,  223 

sympathetic  nervous  system  in  relation  to,  224,  225,  228 
treatment,  226-230 
acetylcholine,  229 
atropine,  229 
barbiturates,  227,  229 
benzedrine  sulphate,  228 
nembutal,  227 

potassium  bromide  and  chloral  hydrate,  228 
physostigmine  salicylate,  229 
sodium  amytal,  227 
vagus  in  relation  to,  224,  225,  228 

TREMATODE  INFESTATION.  See  Bilharziasi'S,  VoI.  11",  p.  323;  Clonor- 

CHiASis,  Vol.  HI,  p.  248;  Fijjku;  iNi'rxn'ioNS, 
Intestinal,  Vol  V,  p.  320;  and  Paracioni- 
MiASis,  Yol  IX,  p.  401 

Tremor,  231-235 

acute  infections  cause  of,  232 
aetiology,  231-233 
alcoholic,  232,  234,  235 
clinical  picture,  233-235 
cold  cause  of,  232 
emotion  cause  of,  232 

extrapyramidal  motor  system  disease  cause  oly  233 
fatigue  cause  of,  232 

hepato-lenticular  degeneration  (Kinnier  Wilson’s  disease)  cause  of,  233 
localization,  234 

nervous  diseases  cause  of,  232,  233 
Parkinsonism,  in,  232,  234,  235 
pathogenesis,  233 
poisons  cause  of,  232,  234 
post-hemiplegic,  233 
psychoneuroses,  associated  vzith,  232 
thyroid  over-activity  cause  of,  232,  234 

Trench  Fever,  236-240 
aetiology,  237,  238 
clinical  picture,  238,  239 
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Trench  Fever— <•<);;////(«'(/ 
diagnosis,  239 
incubation  period,  2.<S 
leucocylosis  caused  by,  23b 
lice,  conveyed  by,  236,  237 

Rickellsiii  (iiiiiilaiui  probable  cause,  236,  237 
splenic  enlargement,  238 

syiioiiyins,  236 
Ireatmcnt,  239 
virus,  237 

TRENCH-FOOT.  See  FKosr-Brri;  ANit  Trench-Foot,  Vol.  V,  p.  440 
TRENCH  NEPHRITIS.  See  NEiniRnis  and  Nkphrosis,  Vol.  IX,  p.  139 
TRICHIASIS.  .SVc  Eyelids,  Diseases  and  Injuries,  Vol.  V,  p.  ^  ,15 

TRICHIASIS,  trachoma  cause  ol,  214,  215 
XRICl . IINELLIASIS,  trichiuiasis,  syfwnym  for,  241 

Tricliiiiiasis,  241-245,  Figs.  9,  It) 
antigen  in  diagnosis,  244 
clinical  piclurc,  243,  244 
diagnosis,  244 

coslnophilia  in,  243,  244  _ 

intestine,  small,  habitat  of  trichinae,  242 
muscles,  larvae  encysted  in,  242 
oedema  cansed  by,^  244 
pain  caused  by,  243  ^ 

piCs  lleslg  conveyed  by  eating,  243 
found  in,  242 
rats  as  liosts,  242 
sviio/iyms\  241 
treatment,  245 

I'rivhificlla  spiralis  cause  ol,  241 . ^43 

typhoid  resembled,  243 

TRICHINOSIS,  tricliiniasis,  synonym  for,  241 

TRICHOMONIASIS.  6VD.A.tK,K^ 

Haemorhuauk-  Vmiinai,  Discuarcies,  Vol.  vn,  p.  714 
TRICHORRHEXIS  NODOSA.  See  Hair  Follicub,  P-  ‘<56 

tricuspid  VALVE  DISIIASES.  Air  Heart  Diseases:  Right  Sid^^Diseases,^^^ 

TRIGEMINAL  NEURALGIA.  SVe  176 

TRlCiGER  FINGER.  See  Hand,  Dkseases  and  Deeormities,  Vol.  VI,  p.  178 

Tropical  Diseases,  General  Survey,  247-254 

big  "heel,  253 
chilopa,  254 
chiufa,  254  ^ 

dcalh  S  in  r.ond’on  and  Calcutta  compared,  248 
diabetes  mellitus,  249 
diphtheria,  249 
enteric,  250 

malignant  tumours,  ^51 
minor  tropical  diseases,  253,  4.54 
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mossy  foot,  253 
nervous  diseases,  253 
onalcii  or  chilopu  (bleeding  disease),  254 
renal  diseases,  253 
respiratory  diseases,  252 
septicaemia,  249 
tetanus,  249 
tuberculosis,  250 
surgical,  251 

TROPICAL  GRANULOMA.  AVe  CiRyVNULOMA,  Ulceea'iivi:;,  VdL  Vi,  p.  54 

TROPICAL  LIVER.  See  Livmi  Diseases:  Tropicai . Liver,  Voi.  VII  I,  p.  156 

TROPICAL  SPRUE.  Sprue,  Tropical,  VoI.  XI,  p.  419 

Tropical  Ulcer,  256-262,  Figs.  11,  12 
aetiology,  256,  257 
bacteriology,  258,  259 

Vincenfs  bacilli  and  spirochaete  in  relation  to,  258,  259 
clinical  picture,  259,  260 
diagnosis,  260 
diet  in  relation  to,  257 
eye-fly,  suggested  relatioaship  of,  259 
syiwnyms,  256 

tea-gardens,  in  workers  in,  257 
trauma  site  of,  257,  259 
treatment,  261 

Trypanosomiasis,  263-285,  Figs.  I3~21 
asthenia,  275 

blood  examination  for  diagnosis,  278,  279 
pressure,  276 
trypanosomes  in,  264 
cerebrospinal  fluid,  changes  in,  271-274 
circulation  and  source,  271,  272 
colloidal  gold  reaction,  273 
morular  cells,  273 
total  protein  estimation,  273 
trypanosomes  found  in,  273 
white  cells,  271,  273 
clinical  picture,  274-278 
diagnosis,  278 
drug-resistance,  280,  284 
eruptions,  276,  277 
fever,  274 

geographical  distribution,  268 
infection,  transmission  of,  266 
insomnia,  nocturnal,  276 
KerandeFs  sign,  276 
leptomeningitis  caused  by,  269,  270 
lumbar  puncture  in  diagnosis,  279 
lymphatic  glands,  269,  275,  277 
puncture  of,  278 
morular  cells,  270,  271 
myocarditis,  276,  277 
nervous  signs,  276 
ocular  symptoms,  277 
parasitology,  264-268 
pathology,  269-271 

primary  lesion  (trypanosomal  chancre),  274 
prognosis,  278 
prophylaxis,  279,  280 
germanin  in,  280 
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tachycardia,  276 

treatment,  279-284  .  ^ 

arsenical  compounds,  toxic  cllccts  ol,  -oo 

atoxyl,  281  _ 
german  in,  281,  282 

orsaninc,  281,  282 

trvparsamidc,  281 ,  282  .  ,  .  . r  oac 

Trypariosonia  gambiense  and  7^  r//or/oY/c7/AX^  of,  .-6  ,  « 

development  in  tsetse  Hy,  *.66-^.68 
tsetse  hies  vectors,  265,  266 

TSETSE  FLY  DISEASE.  See  Trypanosomiasis,  p.  263 

TSUTSUGAMUSHl  DISEASE.  See  Tyi-hus  Fuver.s,  p.  347 

Tuberculosis,  286-297 

age  in,  288  ^ 

allergy  in  relation  to,  . 

Bacille  Calif ictte-Giwrm  m  prophylaxis,  ^87, 

bovine  intecton,  incidence  in  man  oi,  *^0/ 

climate  in  relation  to,  290 

conjugal  in  lection,  290 

contact  infection,  290 

diagnosis,  294,  295 

cultivation  and  inoculation,  Uj 
staining,  294 

doctors  and  nurses,  contagion  to, 
epidemiology,  288-29 1 
heredity,  289 
immunity,  292 

J'ortSJof. 293 

Kretschmer’s  types,  289 
mortality  rates,  291 
pathology,  293 

cardinal  signs,  293 
caseation,  293 
prevention,  295,  296 
prognosis,  methods  of  cstiniating,  "94 
kicial  conditions  affecting  incidence  289 
tubercle  bacillus  {Mycohacternmi),  strains  ot,  -86,  -8/ 

TUBERCULOSIS,  carcinoma  of  cervix  uteri,  diagnosis  from,  486 
choroiditis  caused  by,  510 
irido-cyclitis  caused  by,  505 
iritis  caused  by,  497 
thymus,  of,  29 
tonsils,  of,  44 
trachea,  of,  204 
tropics,  incidence  m,  250,  251 
umbilical,  355 
vesictilae  seminales  ot,  557 
whooping-cough,  effect  on,  620 

Tuberculosis,  Generalized,  298-307.  Plates  VII,  VIH 

acute  massive,  306 
symptoms,  306 

acute  miliary,  302,  303  iat 

cerebrospinal  huid  in  diagnosis,  303 
diagnosis,  303  . 

endocarditis,  diagnosis  from,  303 
meningeal  form,  302  ^  •.  r.,,  ta^ 

miliary  carcinomatosis,  diagnosis  fioin,  303 

prognosis,  302  (  31  ) 
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Tuberculosis,  Geieralixcd- . -cofiUnucd 

pulmonary  forni,  302 
radiography,  303 
treatment;  303 

typhoid,  diagnosis  from,  303 
typhoidal  form,  302 
calcification,  301,  303,  305 
children,  in,  300 
chronic  massive,  306,  307  , 

haemic  and  lymphatic  type,  307 
lympliatic  type,  307 
polyserositis  or  Concato's  disease,  307 
protracted  dissemination,  306 
chronic  miliary,  304  306 

artificial  pneumothorax  in  treat mcnt,  306 
Boeckfs  sarcoid,  diagnosis  from,  305 
carcinomatosis,  diagnosis  from,  305 
diagnosis,  305 
gold  therapy,  305 

pneumoconiosis,  diagnosis  from,  305 
radiography,  304 
symptoms,  304 

tuberculous  broncho-pneumonia,  diagnosis  from,  305 
‘haematogenous’  tiibereulosis,  209 
miliary  and  massive  types  compared,  300 
nomenclature,  299 
pathology,  301 

serous  membranes,  involvement  of,  301 

spleen  in,  301,  302,  303,  305,  306 

time  and  method  of  generalization,  299,  300 


TUBERCULOUS  MEDIASTINAL  GLANDS,  whooping-cougli,  diagnosis 

from,  621 


TUBEROUS  SCLEROSIS.  Epiloia,  Vol.  V,  p.  118 


Tularaemia,  309-^3 12 
aetiology,  309,  310 
animals  inRcted  by,  ^ 

Bacterium  tidareiusc  cause  of,  309,  310 
course  and  prognosis,  31 1 
deer-fly  fever,  .synonym  for,  309 
diagnosis,  31 1 
incubation  period,  311 
pathology,  3 1 0 

rabbit  fever,  synonyin  for,  305) 
treatment,  3 1 2 
types  of,  3 1 1 
vectors,  310 


Tumours,  313-324 
anaplasia,  3 1 7 

benign  and  malignant  tumours,  association  between,  320 

clinical  features  of,  314 
effects  on  body  of,  321-324 

Broders’  grading  of,  317 
cachexia,  322 
cancer  tests,  323 
differentiation,  317 

hormonal  effects  of  endocrine  tumours,  321 
infiltration,  315 
invasion,  318,  319 
latency,  320 

leuco-erythroblastic  anaemia,  323 
metastasis,  315,  316,  319 
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microscopic  features ,  3 1 6-3  20 
mitoses,  319,  320 
morphology  of  cells,  318 
obstruction  caused  by,  321 
pathology,  315-320 
permeation,  315 
pressure  effects,  322 
typical  or  atypical,  316 

TUMOURS,  thymus,  of,  29,  30  . 

torulosis  diagnosis  from  intracranial,  56 
umbilical,  358,  359 
uterine,  448-493 

TYPHOID,  acute  miliary  tuberculosis,  diagnosis  from,  303 
epidemic  typhus,  diagnosis  from,  335 
tracheitis  in,  202 
trichiniasis  resembling,  243 
tropics,  incidence  in,  250 

TYMPANITES.  See  Aerophagy,  Vol.  I,  p.  257;  Dyspepsia,  Carbohydrate 

Intestinal,  Vol.  IV,  p.  372 

TYPHOID  FEVER.  See  Enteric  Fevers,  Vol.  V,  p.  50 

Typhus  Fevers,  325-350.  Plate  IX.  Figs.  22,  23 

Brill’s  disease,  336,  337 

epidemic  typhus,  relation  to,  336 
flea-typhus,  diagnosis  from,  339 
camp  fever,  epidemic  typhus,  synonym  for,  329 
classification  and  comparison,  326-329 
endemic  glandular  fever,  mite-typhus,  synonym  tor,  347 
endemic  typhus,  flea-typhus,  synonym  for,  337 
epidemic  or  louse-borne  typhus,  327,  329-337 
aetiology,  330 

animals,  susceptibility  of,  331 
bacteriology,  331 
Blanc’s  preventive  vaccine,  335 
blood  pressure,  333 
Brill’s  disease,  336,  337 
history,  336 

recrudescent  epidemic  typhus,  as,  337 
clinical  picture,  332-334 
convalescent  serum  in  treatment,  336 
diagnosis,  334 

flea-borne  typhus,  diagnosis  from,  335 

geographical  distribution,  330 

history,  329,  330 

immunity,  332 

incubation  period,  332 

insomnia,  332,  334 

louse  Pediculus  humanus  vector  ol,  331 

mortality,  334 

nervous  symptoms,  334 

pathology,  332 

prophylaxis,  335 

pulse,  333 

rash,  332 

seasonal  prevalence,  331 
spleen,  334 
synonyms,  329 
temperature,  332,  333 

tick-borne  typhus,  diagnosis  from,  335,  344 
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Typhus  Fevers— 

epidemic  or  louse- borne  typhiis~"-c‘o/i//V/wc;'(:/ 
transmission  from  man  to  man,  331 
treatment,  335,  336 

typhoid,  diagnosis  t'rora,  B5 

virus  Rickettsia  prcnvazeye i  ciiuso  ol,  J3  l 
Weigl’s  preventive  vaccine,  335 
Weil-Felix  test,  335 

famine  fever,  epidemic  typhiis,  synonym  toi',  329 
flea-typhus,  327,  337-339  _ 

BrilFs  disease,  diagnosis  from,  339 

clinical  pictLire,  338 

diagnosis,  339 

endemicity,  337,  338 

epidemic  typhus,  diagnosis  from,  335 

flea  vectors,  337 

mortality,  339 

rats,  infected,  source  of,  337,  338 
synonyms,  337 

ticlc-typhus,  diagnosis  troni,  344,  347 

treatment,  339  c  lao 

virus  Rickettsia  mooseri  (R,  murmci)  cause  ot,  33/,  338 
geographical  distribution,  326  ^ 

Hone’s  disease,  flea-typhus,  synonym  tor,  337 
jail  fever,  epidemic  typhus,  synonym  for,  329 
J  apanese  river  fever  (rnite-typhus),  347,  348 
clinical  picture,  248 
mites,  conveyed  by,  347,  348 
rats  and  mice  source  of,  347,  348 
tick-typhus,  diagnosis  froni,  347 
virus  Rickettsia  isutsngamushi  cause  of3^247,  348 
mite-typhus,  327,  347-349 

diagnosis,  prognosis,  and  treatment,  349 
synonyms^  347 

tick-tvphus,  diagnosis  from,  347 


varieties,  348 
Mossman  fever,  349 

murine  typhus,  flea-typhus,  synonym  tor,  326,  335,  33  I 
non-epidemic  or  epizootic,  337-349 
pseudo-typhoid  of  Deli,  348 

Queensland  coastal  fever,  mite-typhus  synonym  tor,  347 
scrub  typhus,  348,  349 
ship-typhus,  flea-typhus,  synonym  for,  337 
shop  typhus,  flea-typhus,  synonym  for,  337 

spotted  fever  of  Rocky  M  ountains,  Rocky  Mountain  tick-typhus,  ^ 

synonym  lor,  339 


Sumatra  mite  fever,  mite- typhus,  synonym  for,  347 
tick-bite  fever  of  Kenya  and  South  Africa,  345 
tick-typhus,  327,  339-347 
ditferential  diagnosis,  347 
nomenclature,  339,  340 
synonyms,  339 

tick-typhus  fievre  boiitonneusey  345 
dogs  transmitting,  345 
fievre  exanthematiqiic\  synonym  for,  345 
Rocky  Mountain  typhus,  diagnosis  from,  345 
ticks,  conveyed  by,  345 
tick-typhus,  Indian,  345-347 
agglutination  tests,  346 
diagnosis,  346 

Rocky  Mountain  typhus,  resemblance  to,  346 
tick-typhus  of  Sao  Paulo  and  Minas  Geraes,  345 
rats  source  of,  345 
ticks,  conveyed  by,  345 


(  34  ) 


VOL.  XIl] 


INDEX 


Typhus  Fevers — continued 

tick-typhus,  Rocky  Mountain,  327,  340-344 
clinical  picture,  342,  343 
complications,  343 
diagnosis,  344 

epidemic  typhus,  diagnosis  from,  335,  344 
fievre  boutonneuse,  diagnosis  from,  345 
incubation  period,  342 
rash,  343 
temperature,  342 
transmission,  341 
treatment,  344 
vaccine,  344 

virus  Rickettsia  rickettsi  cause  of,  340,  34 1 
Weil-Felix  test,  344 
transmissibility,  329 

Tsutsugamushi,  Japanese  river  fever,  synonym  for,  347 
typhus  exanthematicus,  epidemic  typhus,  synonym  for,  329 
typhus  fever,  epidemic  typhus  fever,  synonym  for,  329 
urban  tropical  typhus,  flea-typhus,  synonym  for,  337 
i:'  19  tropical  typhus,  flea-typhus,  synonym  for,  337 


U 


ULCER,  veldt  sore,  538 

xerodermia  pigmentosa  cause  of,  628 
yaws  cause  of,  648 


ULCER. 


Duodenal:  .s' Peptic  Ulcer,  Vol.  IX,  p.  505.  Gastric:  see  Peptic  Ulcer, 
Vol  IX  p.  505;  and  Stomach,  Tumours  and  Some  Other  Condu 
'  TiONS  Vol,  XI,  p.  477.  Peptic:  s-ee  Peptic  Ulcer,  VoL  IX,  p.  505. 
Rodent:  see  Skin  Diseases:  Tumours,  Vol.  XI,  p.  239.  Trophic:  .sw 
Neuritis,  Vol.  IX,  p,  193;  and  Neurosyphilis,  Vol.  IX,  p.  240. 
Tropical:  .vcc  Tropical  Ulcer,  p.  256.  Varicose:  Vein  Diseases, 

p.  526 


ULCERATIVE  GRANULOMA.  See  Granuloma,  Ulcerative,  Vol.  VI,  p.  54 
ULCUS  MOLLE.  See  Chancroid,  Vol.  Ill,  p.  97 

ULTRA-VIOLET  RAY  THERAPY.  Actinotherapy,  Vol.  I,  p.  180 


UMBILICAL  CORD,  development  of,  353 

Umbilicus  Diseases,  352-360.  Fig.  24 
adenoma,  358 

calculus  and  concretions,  356,  357 
carcinoma,  359 
cholesteatoma,  357 

Cullen’s  (Hofstatter  and  Hellendall’s)  sign,  359,  360 

dermoids,  358 

diphtheria,  355 

embryology,  353 

endometrioma,  358 

entero-teratoma  (polyp),  358 

erysipelas,  354 

fistula,  356 

acquired  and  congenital,  356 
diagnosis  and  treatment,  356 
pyo -umbilicus  caused  by,  355 
foreign  bodies,  355 
granuloma,  358 
Grey  Turner’s  sign,  359 
haemorrhage,  357 

blood  transfusion  in  treatment,  357 
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Halsted's  sign,  359 
hernia,  Yol.  VI,  p.  494 
horns,  357 
infections,  354,  355 
lymphatics,  anatomy  of,  354 
omphalitis,  354,  355 
causes,  354 

granulation  tissue  caused  by,  354,  355 
symptoms  and  sequelae,  354 
papilloma,  358 
pyo-iimbilicLis,  causes  of,  355 
sarcoma,  359 
scar,  rupture  of,  360 
syphilis,  355 
tetanus,  355 
tuberculosis,  355 
tumours,  benign,  358 

malignant,  359 
ulcers,  355 

umbilical  cord,  development  of,  353 

Uodulaot  Fever  (Melitensis  aiidSuis  types)  361-378.  figs.  25-27 
aetiology,  362,  363 
agglutinatioii  test,  373,  374 
ambulatory  cases,  365,  372 
amoebic  abscess  of  liver,  diagnosis  from,  374 
anaemia  caused  by,  369 
arthritis  caused  by,  370,  372 
bacteriology,  364 
blood  culture  in  diagnosis,  373 
boils  complicating,  367 

Brucella  abortus  infection,  362,  364,  Vol.  1,  p.  68 

Brucella  melitensis  czxisc  of ^  362,  363,  364,  373 

Brucella  suis  infection,  362,  364 

carriers,  365 

clinical  picture,  364--37 1 

complications,  369-371 

continuous  type,  365,  366 

death-rate,  372 

definition  and  synonyms^  361 

diagnosis,  372-374 

differential,  374-376 
distribution,  362 

enteric  fevers,  diagnosis  from,  374 

suggested,  365,  366,  367 
hbrositis  caused  by,  370 
gastro-intestinal  condition,  368 
heart,  369 

incubation  period,  364 
infection  sources  of,  362,  363 
insomnia,  treatment  of,  376 
kala-azar,  diagnosis  from,  375 
liver,  368 

malaria,  diagnosis  from,  375 
malignant  type,  365 
meiitin  test,  374 
nervous  symptoms,  369,  370 
neuritis  caused  by,  370 
orchitis  caused  by,  371, 372 
pathology,  363 
prognosis,  372 

pulmonary  tuberculosis,  diagnosis  from,  375 
relapses,  366 
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respiratory  complications,  369 
spleen,  365,  368,  372 
siiis  infection,  diagnosis  from,  375 
sweating,  367 
sy mpt  o ms ,  3  66-3 7 1 
temperature,  364,  365,  366,  372 
tongue,  365,  368 
treatment,  376-378 
diet,  376 
melitin,  377 
protein  shock,  377 
Rainsford’s,  377,  378 
serum,  immune,  377 
sulphanilamide,  377 
vaccine,  377 
types,  364,  365 
undulatory  type,  364,  366 
urachus,  development  of,  353 
patent,  402 

urinary  changes,  371,  373 
urobilinogen,  371,  378 


Uraemia,  379-385 

aetiology,  380  . 

alkali  reserve,  diminution  ot,  38 1,  3bj 

anaemia  in,  381,  382 

blood-urea,  increase  of,  380,  381,  384 

cardiovascular  system,  relation  to,  383 

clinical  picture,  382,  383 

coma  caused  by,  381 

definition,  379 

diagnosis,  384 

drowsiness  caused  by,  381,  382 
gastro-intestinal  symptoms,  381,  383 
hypertension,  relation  to,  382 
hypertensive  encephalopathy,  379 
lumbar  puncture  in  diagnosis,  384 
mercurial  poisoning  cause  of,  115 
nervous  symptoms,  381,  382 
pathology,  380 
prognosis,  383 
pseudo-uraemia,  379 
renal  failure  cause  of,  380 
respiratory  symptoms,  383 
suppression  of  urine,  treatment  ot,  585 
treatment,  384,  385 

calcium  lactate,  385 
diet,  385 

sodium  bicarbonate,  385 
sweating,  385 
venesection,  385 
venesection  in  diagnosis,  384 

URBAN  TROPICAL  TYPHUS,  flea-typhus,  .synonym  for,  337 

Urethra,  Diseases,  386-392 

abscess,  peri-urethral,  388 
calculi,  391 

congenital  atresia,  386 

deformities  of,  403-407 
epispadias  and  hypospadias,  403,  405 
extravasation  of  urine,  387,  388 
treatment.  388 
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female,  in,  391,  392,  610,  611 
fistulae,  390 
inflammation.,  388,  389 
injuries,  387,  388,  391 
non-vencreal  inllamnialion,  388 
causes  an d  1  real incn  t ,  38 8 
peri-urethritis,  388 
prolapse,  392 
rupture,  387 

operation  and  treatment,  387 
spermatorrhoea,  389 
"stress  incontinence',  391 
stricture,  389,  390 
inflammatory,  389 
malignant,  389 
meatal,  389 

spasmodic,  treatment  of,  389 
symptoms,  389 
traumatic,  389 
treatment,  390 
dilatation,  390 
excision,  390 
urethroscopy,  390 
urethrotomy,  390 
tumours,  391 

urethral  shock  or  fever,  391 
urethritis,  chemical,  388 
urethrocele,  392 

URETHRITIS,  non-vcncreal,  388 

URETHROCE,LE,  392 

URETHROSCOPY.  ENDOS(x>py  of  tuf:  Urinary  I'racv,  VoL  V,  p.  21 

URET:HR0T01V1.'Y,  stricture,  for,  390 

URINE,  a,niiria,  arseniuretted  hydrogen  poisoning  cause  of,  164 
colch,icu.ni  poisoning  cause  ot^  98 
operation  for,  in  mercurial  poisoning,  1 16 
barbiturate  poisoning  cause  of  red  colour  in,  80 
black  or  dark  brown  on  standing  from  melanogen,  394 
blue  from  ingestion  of  methylene  blue,  394 
brownisli-green  from  phenol ,  394 
Brucella  melttensLs  in,  363 
burgundy-red  from  haematoporphy  rin,  394 
carboluria,  phenol  poisoning  cause  of,  94 
dark,  brown  to  green  from  urobilin  and  bilirubin,  394 
dinitrobenzene  poisoning  causing  smoky  appearance  of,  174 
extravasation,  387,  388 
frequency,  uterine  fibroids  cause  of,  462 
frequent,  vesiculitis,  in,  554 
hypovitaminosis  C  saturation  test  in,  584 
incontinence  of,  epispadias  cause  of,  406 
reddish  from  phenolphthalein  and  sulphonamicle,  394 
reddish-black  from  haemoglobin,  394 
retention  of  urine,  fibroids  cause  of,  462 

retroversion  cause  of,  434 
smoky,  from  dinitrobenzene  poisoning,  174 
red  cells,  394 

stress  incontinence,  definition  of,  437 
suppression,  mercurial  poisoning  cause  of,  1 1 5 
uraemia,  caused  by  obstruction  to  outflow  of,  380 
in,  385 

yellow  from  rhubarb,  senna,  or  santonin,  394 
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Urine  Examination,  393-400 
albumin,  396 

alcohol,  tests  for,  399  nf  396 

Bence  Jones  proteose,  causes  and  chaiactei  ot, 

bile,  tests  for,  398 
blood,  test  for,  396 
casts,  396 
chlorides,  397 
colour,  394  _ 

drugs  affecting  colour  of,  394 
ketone  bodies,  tests  for,  399 
oliguria,  395 

pigments  affecting  colour  of,  394 
polyuria,  causes  and  quantity  ot,  39o 
reaction,  395,  396 
renal  function  tests,  399,  400 

blood  examination,  400 
concentration  and  dilution  test,  40U 
kidney  excretion  test,  400 
urine  examination,  400 
specific  gravity,  395 
sulphates,  397 

urea,  397,  398  ,  ,  .  r.  ,  oqo 

uric  acid,  sources  and  test  foi,  398 
volume,  394 

Urogenital  Organs,  Abnormalities,  401-409 

congenital  obstruction  of  urethra,  406,  40  / 
diaphragm,  urethral,  406 
foetus,  in,  406 
occlusion,  406 
radiography,  407 
symptoms  and  sequelae,  40  / 
treatment,  407 
valves,  urethral,  406 
ectopia  vesicae,  402 

exstrophy  of  bladder,  synonym  for,  402 
epispadias,  405,  406 

complete,  406  ^  . 

incontinence  of  urine  caused  by,  40P 
penile  or  clitoric,  406 
symptoms  and  treatment,  406 
Young’s  operation,  406 
fistulae,  urethral,  403 
hypospadias,  403-405 

chordee  caused  by,  404 
coitus  affected,  404 
glandular,  403 
para-urethral  duct,  403 
penile,  404 
peno-scrotal,  404 
perineal,  404  .  . 

infant,  sex  determination  in,  404 

scrotal,  404 
symptoms,  404 

treatment,  operative,  404,  405 
types,  403,  404 
testis,  of,  407,  408 
anorchism,  407 
inversion,  408 

urachXysrsymptoms!  diagnosis  and  treatment  of,  402 
urachus,  patent,  embryology  and  symptoms,  402 
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urethra,  development  of,  403 
double,  403 

URTICARIA.  See  Ai.liiKGY,  Vol.  !,  p.  317;  a//r/ IJ rtigaria  IhoMUNTosA,  p.  410 

Urticaria  Pigmentosa,  410--414 
adult  form,  412 
aetiology,  41 0 
clinical  picture,  412,  413 
diagnosis,  41 3,  41 4 
fictitious  urticaria  complicating,  412 
infantile  form,  41  2 

lichen,  urticatus  bullosa,  diagnosis  from,  413 

mast-cells,  41 1 

moles,  diagnosis  from,  413 

pathology,  41 1 

prognosis,  413 

syphilis,  secondary,  diagnosis  irom,  414 
treatment,  4 14 

urticaria,  diagnosis  from,  413 
xanthelasmoidea,  synoiryin  for,  410 
xanthoma,  diagnosis  from,  413 


Uterus,  Diseases  and  Disorders,  415 . 494.  Plates  X,  X!.  Figs.  28  -44 

abortion,  in,  423,  433,  463 
absence  of  uterus,  420 
adenoma,  473-475 
adenoma,  cervical,  475 

aetiology  and  clinical  picture,  475 
treatment,  475 

adenoma,  papilliferous,  474,  475 

biood-stained  discharge  caused  by,  474 
carcinoma,  diagnosis  from,  475 
clinical  picture  and  pathology,  474 
treat,ment,  475 

adenoma,  simple,  of  corpus  uteri,  473,  474 
clinical  picture  and  diagnosis,  473 
haemorrhage  caused  by,  473 
leucorrhoea  caused  by,  473 
treatment,  473,  474 
anatomy,  426,  436 
anteflexion,  434,  435 
diagnosis,  435 

arcuate  or  septate  uterus,  421 
ascent  of  uterus,  causes  of,  435 
bicorniiate  uterus,  420,  421,  423,  424 
clinical  picture,  420 
diagnosis,  421 
pregnancy,  in,  423 
transverse  lies,  in  relation  to,  423 
treatment,  421,  423 
twill  pregnancies,  relation  to,  421,  423 
carcinoma,  479-493 
incidence,  479 

sex  hormones,  possible  relation  to,  479 
carcinoma,  cervix  uteri,  of,  480-489 
adeno -carcinoma,  481 
cliancre,  syphilitic,  diagnosis  from,  486 
classification  for  evaluation  of  treatment,  484 
clinical  picture,  481-483 
complications,  483 
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Uterus,  Diseases  and  Bisoiiets-—contmiied 
carcinoma,  cervix  uteri,  of— -continued 
diagnosis,  485,  486 
ectropion,  diagnosis  from,  485 
endocervical,  482 

fibroid,  diagnosis  from,  486  . 

friability,  importance  of,  in  diagnosis,  485 
haemorrhage  caused  by,  482,  485  .  . 

‘leukoplakia’  (precancerous  metaplasia),  480 

pain  caused  by,  483 

pathology,  480,  481 

prognosis,  483-485 

proliferative  Ccauliflower’),  481 

pyometra,  483 

Schiller’s  iodine  test,  485 

spread,  method  of,  482 

squamoiis-celled,  480  .  . 

syphilitic  carcinoma  of  cervix  uteri,  diagnosis  from, 

treatment,  486-489 

irradiation,  487,  488 
surgical,  488 
symptomatic,  489 

tLiberculous  ulceration,  diagnosis  from,  486 
ulcerative,  482 

carcinoma,  corpus  uteri,  of,  489-493 
‘adenoma  malignum’,  490 
clinical  picture,  491 
diagnosis,  492 
pathology,  489,  490 
post-menopausal  bleeding,  491 
prognosis,  491 
pyometra  caused  by,  490 
treatment,  492,  493 

radium  therapy,  492,  493 
hysterectomy,  493 

carcinoma,  double  uterus,  in,  421  _ 

cochleate  uterus,  anteflexion,  associated  with,  435 
colporrhaphy,  439-447 
after-treatment,  445 
contra-indications,  439 
parturition,  subsequent,  447 
results,  446 
technique,  440-444 
cystocele,  437 

development,  normal,  4  6 
developmental  abnormalities,  4-1 6-425 

Caesarean  section  undertaken  for,  423,  4-4 
causes,  419 

classification,  clinical,  419 

von  Winckel’s,  416-418 
clinical  picture,  419-425 
incidence  in  non-pregnant  state,  419 
pregnancy,  423 

labour  complications  associated  with,  423  4^-5 
table  of,  424 

non-pregnant  state,  in,  419-422 

displacements,  427-435 

dysmenorrhoea  associated  with,  420,  42^,  4^8 
fibroids,  449-472  _ 

abortion  in  relation  to,  463 
aetiology,  449,  450 
anaemia  caused  by,  461,  464 
atrophy,  458 

bladder,  pressure  effects  on,  462 
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nbroids~-<mtlme{J 

blood  vessels,  pressure  on,  463 

calciiicatioii,  457^  ^  .  ^ 

carcinoma  ccrvicis,  diagnosis  Iront,  40 / 

car  neons  mole,  diagnosis  Ironi,  466 

cervical,  453,  466 

clinical  picture,  460-464^ 

course  and  prognosis,  464 

cystic  degeneration,  457 

diagnosis,  465-467 

fatty  degeneration,  457 

haemorrhage  caused  by,  460,  46/ 

hyaline  degeneration  ol,  456 

incidence,  450 

innammation,  459 

interstitial,  451 

i ntra-ligamentary ,  453  ^  ^  ^ 

inversion  of  uterus  caused  by,  456,  4()/ 

leucorrhoea  caused  by,  461 

malignant  metaplasia,  459 

menopause,  effect  on,  460 

necrobiolic  degeneration,  457 

nerves,  pressure  on,  463 

oedema  in,  459  ^  , 

ovarian  new  growth,  diagnosis  Irom,  465 

pain  caused  by,  461,  469 

‘parasitic’,  453 

pathology,  45(M60 

pedunculated,  453 

polypoid,  454 

pregnancy,  diagnosis  from,  465 
in  relation  to,  463 
rectum,  pressure  oii,  462 
retention  of  urine  caused  by,  462,  469 
sloughing,  459 

sterility  in  relation  to,  450,  463 
siibraticous,  454-456,  467 
siibperitoneal,  452 
torsion  of,  453, 459 
treatment,  467-472 

hysterectomy,  470,  47 1 
myomectomy,  470,  471 
radium  therapy,  469 
symptomatic,  467,  468 
testosterone,  468 
X-ray,  469 

ureter,  pressure  on,  462 
fibrolipomyoma,  lipomyoma,  sym?nym  for,  472 
‘grape-like  sarcoma  of  cervix’,  477 
haemorrhage  caused  by,  461,  473,  474,  475,  477,  482,  491 
hysterectomy  for,  470,  47 1 , 47 5,  479,  488 
infantile,  pubescent  and  hypoplastic  uteri,  422 
treatment  of  sterility  due  to,  422 
inversion,  submucous  fibroids  cause  of,  455,  467 
sarcoma  predisposing  to,  476 
labour  affected  by,  423,  424,  434,  447 
lateral  displacemeiit,  causes  of,  435 
leiomyoma,  fibroid,  synonym  for,  449 
malignant,  460 
lipomyoma,  472 

aetiology,  dinical  picture  and  treatment,  472 
menorrhagia  in,  421 ,  429,  461 
microscopy,  importance  of,  466,  476 
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mucous  polypus,  simple  admoma  synonym  for,  473 

myolipoma,  lipomyonia,  synonym  tor,  4/- 
myoma,  fibroid,  synonym  for,  449 
normal  position,  426  ^  axi 

pelvic  floor  as  support  ofuteriis,  436  437 
pregnancy  affected  by,  422,  433,  434,  465 
procidentia,  437 
prolapse,  435-447 
aetiology,  436 
clinical  picture,  437 
treatment,  437-447 

abdominal  fixation,  438 
colporrhaphy,  439-447 
hysterectomy,  438 
interposition,  439 
Le  Fort’s  operation,  439 
pyometra,  carcinoma  cause  of,  483,  4X1 
rectocele,  437 
retroversion,  427-434 

abortion,  complicated  by,  433 
acquired,  428-434 
aetiology,  428 

cervical  lesions  complicating,  429,  43U 
clinical  picture,  429 
congenital,  428 
diagnosis,  430 
involution,  effect  of,  429 
labour  complicated  by,  434 
pregnancy,  effect  on,  433,  434 
prolapse,  associated  with,  429 
retention  of  urine  caused  by,  434 
retroflexion,  associated  with,  429 
treatment,  430-433 

manipulation,  bimanual,  430,  431 
operative,  432 
pessary,  Hodge’s,  431 
sarcoma,  475-479 
aetiology,  476 
anaemia  caused  by,  4/8 
carcinoma  sarcomatodes,  477 
clinical  picture,  477,  478 
course  and  prognosis,  478 
haemorrhage  caused  by,  477 
metastases,  478 
‘mixed’  sarcomas,  477 
pathology,  476,  477 
‘sarcoma  cervicis  botryoides  ,  477 
treatment,  478,  479 
hysterectomy,  479 
lead,  colloidal,  479 

radium  therapy,  478 

sterility  associated  with,  422,  428,  450,  463 
stress  incontinence,  437 
torsion,  435 
tumours,  448 

classification,  449 
unicorn  uterus,  420,  422,  424 
diagnosis,  422 
pregnancy  in,  422 

uterus^ cardnoma^  diagnosis  from  non-malignant  diseases  of,  492 
uterus’ didelphys,  unilateral  haematocolpos,  associated  with,  420 

villous  toiou/of  endometrium,  papilliferous  adenoma,  synonym  foi,  474 
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Uveal  Tract  Diseases,  495 . 514.  Plate  XU.  Figs.  45  47 

albinism,  496 
aniridia,  496 
anisocoria,  496 
choroid,  angioma  of,  512 

carcinoma,  rnc-tastatic,  of,  513 
Bat  sarcoma,  5 1 3 
leuco-sarcoina,  513 
melanoma,  512,  513 

symptoms  and  treatment,  513 
neuroma,  plexiforni,  51  2 
choroiditis,  498,  499,  509-51  I 
anterior,  510 
causes,  499 
classification,  498 
clinical  picture,  509 
complications,  510,  511 
disseminated,  510 
Doyne’s  honeycomb,  514 

familial  macular  coloboraa,  diagnosis  from,  510,  51 1 
glioma,  diagnosis  from,  510 
metastatic,  509 

panophthalmitis  (acute  suppurative  choroiditis),  499,  509 
treatment,  509 

plitlrisis  bulbi  caused  by,  499,  504 
retrobulbar  neuritis,  diagnosis  from,  511 
sarcoma  diagnosis  from,  conglomerate  tuberculous,  509 
syphilitic,  5l() 

Tay’s,  514 
treatment,  511 
tubcrciilous,  509,  510 

vitreous  haemorrhage,  diagnosis  from,  511 
ciliary  body,  melanoma,  malignant,  of,  512 
^  tumours  of,  512 
coloboma  of  iris,  496 

macula,  496 

congenital  abnormalities,  496 
cyclitis,  498,  499,  503-508 
classification,  498 
clinical  picture,  503 

exudates  formed  by,  499,  503,  504,  505,  506 
keratitis  punctata  in,  499,  503,  505 
pathology,  499 
degenerations,  513,  514 
choroideraemia,  514 
lamina  vitrea,  of,  514 
myopic,  514 

adrenaline,  in,  514 
retinitis  pigmentosa,  514 
vascular,  514 
heterochromia  iridis,  496 
inflammat  ion,  497-5 1 1 
irido-cyclitis,  505-508 

cyclitis  complicating,  504 
diabetes  mellitus  in  relation  to,  506 
gonococcal,  506 
herpes  zoster  cause  of,  506 
iritis  complicated  by,  504 
sympathetic,  506 
syphilitic,  505 
treatment,  506-508 
atropine,  506 
atropine  irritation,  507 
neoarsphenamine,  507,  508 
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Uveal  Tract  Bm^ses-^continued 

m4o-cycliti^-~-contlnued 
treatment— co/?i///wec/ 

operative,  508 
protein-shock,  508 
sulphanilamide,  508 
tuberculin,  507 
tuberculous,  505 
Liveo-parotitis,  505 
iris,  angioma,  of,  511 
cysts  of,  512 
leiomyoma  of,  512 
melanoma  of,  511 
sarcoma  of,  512 
iritis,  497,  498,  499-503 
aetiology,  497 
cataract,  sequel  of,  502 
clinical  picture,  499-501 
conjunctivitis,  diagnosis  from,  502 
diagnostic  value  of,  501  ^ 

episcleritis  and  scleritis,  diagnosis  ironi,  503 
glaucoma,  acute  congestive,  diagnosis  from,  502 
thrombotic,  diagnosis  from,  502 
sequel  of,  501,  502 

granulomatous  or  nodular,  causes  of,  497 
haemorrhagic,  causes  of,  497 


infective,  498 

iris  bombe,  497,  498,  500 

keratitis,  diagnosis  from,  503 

occlusio  pupillae,  498,  500,  501,  506 

plastic,  causes  and  complications  ot,  49/ 

pupil  in,  500 

purulent,  causes  of,  497 

seclusio  pupillae,  497,  498,  500,  506 

sero-fibrinous,  causes  of,  497 

iSiae'iaS  b,.  497.  498.  500.  501.  505.  506 

toxaemic,  498 

trypanosomiasis  cause  of,  277 
pupillary  membrane,  persistent,  496 
synechia,  congenital  anterior,  496 
tumours,  511-513 


V 


VACCINE,  BlanCs  preventive,  in  typhus,  335 

prophylactic,  whooping-cough,  in,  622 
therapy,  undulant  fever,  in,  377 
Weighs  preventive,  typhus,  in,  335 


Vaccinia  and  Vaccinatioiij  515-524 
vaccination,  516-524 

abnormal  results  of,  521-524 
contra-indications,  519 
development  on  dermis,  519,  520 
encephalitis,  post-vaccinal,  523,  524 
clinical  picture  and  hypotheses,  523 
treatment,  524 
generalized  vaccinia,  522 
incisions,  number  of,  518 
incubation  period,  519 
lymph,  source  of,  517 
rashes,  522 
revaccination,  519 
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Vaccinia  and  Vaccination- . amtinued 

yiicc\mt\oi\-Hm  tJMiicd 

septic  infection,  521 
severe  local  reactions,  52 1 
technique,  5  1 7,  5 18 
virus  vacciniae,  517 

vaccinia,  515,  516  .  . 

cowpox,  symptoms  and  iransinissioii  ot,,  510 
transmission  of,  516 
virus  vacciniac  cause  of,  515 
virus  variolae,  relation  to,  5  16 


VAGINA,  DISEASES  AND  DISCHARGES,  Li!UC(M<Rhoi;a 

NON-HAHMORUHACilC  VACilNAl.  DiSCIIAKtil'.S,  VOl. 

ami  Vulva  and  Vacjina  Dislasias,  p.  (>06 


ANI3  Other 
VII,  p.  710; 


VAGINITIS,  612 

VARICOCELE,  aetiology,  syniptoms,  and  treatment,  532,  533 
VARICOCELE.  See  Vein  Diseases,  p.  532 
VARICOSE  VEINS.  See  Vein  Diseases,  p.  529 

VASOVAGAL  SYNCOPE,  SVe  Brain:  Vascular  Disordhks,  VoI.  II,  p.  642 

Vein  Diseases,  526-537 
anatomy,  526-528 

cerebral  system,  527 
lymphatics,  relation  to,  528 
portal  system,  527 
pulmonary  system,  527 
systemic  circulation,  527 
valves,  528 
obstruction,  528,  529 

compensatory  circulation,  528 
treatment,  529 
phlebitis,  535,  536 

embolism,  pulmonary,  caused  by,  535 
phlegmasia  alba  clolens  caused  by,  535 
septic,  535 

trauma,  cause  of,  535 
treatment,  535 

thrombophlebitis  niigrans,  536 
aetiology,  536 

saphenous  vein  ligation,  sequel  or,  536 
treatment,  536 
tumours,  346,  347 

endothelioma,  346 

haemangioma,  treatment  of,  346,  347 
sarcoina,  346 
■"  varicocele,  532,  533 
aetiology,  532 
clinical  picture,  533 
treatment,  533 
tumours  cause  of,  532,  533 
varicose  veins,  529-532 
heredity,  529 

injection  treatment,  530-532 
solutions  for,  53 1 
technique,  531,  532 
pathology,  529 

reflex  thrill,  examination  for,  530 
Trendelenburg’s  operation  technique,  532 
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Vein  Dise^se&— continued 

wounds,  533,  534  . 

arteriovenous  aneurysm  caused  by,  534 
exophthalmos,  pulsating,  caused  by,  534 
haemorrhage,  treatment  of,  534 

Veldt  Sore,  538-543 
aetiology,  540 
clinical  picture,  541  ^ 

C.  diphtheriae  in  relation  to,  540 
distribution,  geographical,  540 
food  deficiency  in  relation  to,  540 
paralyses  complicating,  541 
pathology,  540 

perinephritic  abs9ess  complicating,  542 
peripheral  neuritis  complicating,  541 
red  hair  in  relation  to,  540 
synonyms,  538 

treatment,  diet  in,  542  _ 

diphtheria  antitoxin  in,  542 
tropical  ulcer,  diagnosis  from,  542 

VENTRICULOGRAPHY.  See  Radiology  in  Diagnosis  and  Treatment,  VoI-^X^ 

VPRRTICA  NECROGENICA.  See  Hand,  Diseases  and  Detormities,  Vol.  XI, 

VERRUGA  NtGKUuE.i'iiL,/^  Diseases:  Tumours,  Vol.  XI 

’  p.  Iy4 

VERRUCA  PEDIS.  See  Foot,  Diseases  and  Deformities,  Vol.  V,  p.  433 

VERRUCA  PERUVIANA.  See  Bartonellosis,  Vol.  II,  p.  298 

VERSION.  See  Labour,  Vol.  VII,  pp.  272,  480,  and  545 

Vertigo,  544-552,  Fig.  48 
aetiology,  544-546 
angio-neurotic  oedema  cause  ot,  551 
aural  or  labyrinthine,  546-552 
anatomy  and  physiology,  546 
diagnosis,  550 
fistula  sign,  548 

hearing  in  relation  to,  550  . 

labyrinthine  pressure,  factors  influencing,  547,  54b 
labyrinthitis  circumscripta,  548 
serous,  548 
suppurative,  548 

middle-ear  suppuration,  with,  548 
non-SLippurative,  549 
septic  foci  as  cause  of,  551 
treatment,  551,  552 
diet,  551 
drug,  552 

operative,  551  r  cac  kaq 

blood  pressure,  high  and  low,  cause  ot,  545,  54^ 
cerumen  cause  of,  549 
encephalitis  epidemica  cause  ot,  545 
epidemic  cerebrospinal  meningitis,  m,  545 
‘epidemic  vertigo’  of  Gerlier,  545 
epilepsy  cause  of,  545 
Eustachian  tube  obstruction  cause  ot,  549 
giddiness,  synonym  for,  544 
haemorrhage,  labyrinthine,  as  cause  of,  549 
intracranial  lesions  causing,  545 
MaryngeaF,  545 
Lermoyez’s  vertigo,  550 
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V eitigO — con  tinned 

Meniere’s  syndromCg  549,  551^ 

neck  muscles,  lesions  of,  causing,  544 

nervous  disease,  in,  545 

'neurasthenic’,  545 

otosclerosis,  in,  55 

torulosis  cause  of,  55 

toxic,  545 

types  of,  544,  545 

visual,  544 

VESICANT  GASES.  See  Gassing  and  Poison  Gases  in  War,  Vol.  V,  p.  503 

VesicuMSj  553-558 
acute,  554 

symptoms,  diagnosis  and  treatment,  554 
chronic,  554-557 

Belfield’s  operation,  556 
diagnosis,  555 

diathermy  and  massage,  555 
spermatorrhoea  caused  by,  555 
symptoms,  555 
treatment,  555-557 
vesiculectomy,  technique  of,  556,  557 
vesiculotomy,  556 
pathology,  553 
tuberculous,  557 

aetiology,  symptoms  and  treatment,  557 
undulant  fever,  complication  of,  371 

VINCENT’S  ANGINA.  S'ee  Pharynx  Diseases,  Vol.  IX,  p.  574 

VIRCHOW’S  DISEASE.  S'ee  Bone  Diseases,  VoL  II,  p.  566 

VIRILISM.  See  Adrenal  Gland  Diseases,  Vol  I,  p.  247 

VIRUS  DISEASE,  papilloma  vulvae  as,  609 
trachoma,  210 
trench  fever  as,  236 
typhus  fevers,  331,  337,  340 
yellow  fever,  660,  661,  664 

VIRUS  VACCINIAE,  virus  variolae  compared  with,  515,  516 

Visceroptosis,  559-569 
aetiology,  559-561 

chi’oiiic  invalidism  in  relation  to,  563 
clinical  picture,  561-565 
definition,  559 
diagnosis,  565,  566 
emotion,  effect  of,  560 
gastroptosis,  564,  568 
hepatoptosis,  565 
mobility  of  viscera,  560 
nephroptosis,  564 

position  of  viscera,  maintenance  of,  561 
psychological  element  in,  560,  565 
radiography,  560,  563,  565 
spleen,  ptosis  of,  565 
symptoms  complained  of,  562 
synonyms,  559 
treatment,  566-569 

abdominal  belts,  567 
diet,  567 
drugs,  568 
surgical,  568 

variations  in  number  of  diagnoses  made,  tables  of,  563,  564 
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VISION  SYMPTOMATIC  DISTURBANCES.  See  Ascariasis,  VoL  II,  p.  151; 

Dietetic  Deficiency  Diseases,  Vol.  IV,  p.  57 ;  ’ 

Jaundice  Vol.  VII,  p.  266;  Migraine,  Vol.  VIII,  p.  607,  Psycho¬ 
neuroses  and  PsYCHOTHERAPHY,  Vol.  X,  p.  246;  VITAMINS,  p.  594;  and 
•  other  strictly  eye  conditions  appearing  under  their  own  titles 

VitaminSj  570-605 

classification  and  enumeration,  573-576 
dietetics  and  applications,  598,  599 
fat-soluble  vitamins,  588-598 
historical,  571-573 
list  and  tables  of,  574-576 
vitamin  A,  593-597 
carotene,  596 
deficiencies,  593-596 
table  of,  594 

hypovitaminosis  A,  test  for,  594 
infections,  in  relation  to,  594 
night  blindness,  594,  595 
properties  of,  596 
quantitative  requirements,  596 
sources  of,  576,  597  . 

xerophthalmia  and  keratomalacia,  595 
xerosis,  593,  595 

vitamin  Bi,  577-579  ,  i  r  •  ^  c  c'l-? 

alcoholic  polyneuritis  caused  by  conditioned  deliciency  ot,  oil 

beri-beri  caused  by  deficiency  of,  576 
carbohydrate  metabolism,  relation  to,  579 
cardiac  disorders  in  relation  to,  577 
constitution  of,  575,  578 
daily  requirement  of,  577 

physiological  action  of,  579  ,  ,  r  ■  .r  C77 

polyneuritis  of  pregnancy  caused  by  conditioned  ddiciency  oi,  5  / / 

sources  of,  576 

treatment  of  deficiency  of,  578  . 

vitamin  B.  complex  and  the  pellagra-preventing  (P-P)  lactor,  579-582 
alcoholism,  relation  to,  579  ^ 

extrinsic  factor  of  Strauss  and  Castle,  582 

pellagra,  579,  580  .  -  ^7a 

pellagra-preventing  factor  (mcotinic  acid),  579,  5bi),  581 
constitution  and  dosage,  581 
sources  of,  576 

vitamin  B^,  distinction  ITom,  580 
riboflavin  (lactoflavin),  575,  576,  581,  582 
sources  of,  576 

vitamin  B,,  (adermin),  581,  582 
constitution,  575 
sources  of,  576 
vitamin  C,  582-588 

ascorbic  acid,  chemical  properties  ot,  586,  587 
daily  minimum  required,  584,  585 
treatment,  in,  583 
canning,  effect  of,  587 
daily  reqiiirenient  of,  584 

hypovitaminosis  C,  capillary-fragility  test  lor,  584 
incidence,  585 

urine  saturation  test  for,  584 
infection,  relation  to,  588 
pasteurization,  effect  of,  587 
peptic  ulcers  in  relation  to,  585,  586 
properties  of,  586-588 
scurvy:  avitaminosis  C,  582-584 
clinical  picture,  582 
diagnosis,  583 
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Vitamins— cwr  tmued 

vitaiTiiii  C — con t in ue d 
scurvy — con  tmued 
incidence,  583 
infantile,  583 
treatment,  583 
sources  of,  576,  587 
vitamin  D,  588“593 

adult  rickets  (osteomalacia),  591 
calciferol  (vitamin  D.),  589^,  590,  592 
coeliac  disease,  590 
ergosterol,  irradiation  oi,  592 
infantile  tetany,  590 
mode  of  action,  591 
mothers,  for,  590 
properties  of^  592,  593 
renal  rickets,  591 
rickets  in  relation  to,  588-"590 
mild  rickets,  588 
pathology,  589 

prophylaxis  and  treatment,  589,  590 
sunlight,  effect  of,  588,  589 
sources  of,  576,  592 
vitamin  D.,,  574,  592,  593 
vitaniin  E,  574,  575,  576,  597 
a-tocopheroi,  isolated  as,  597 
habitual  abortion,  in  relation  to,  597 
soui'ces,  576,  597  ,  ,  ,  r  ■  r 

vitamin  H,  seborrhoeic  dermatitis  caused  by  dehciency  ol,  598 
vitamin  K,  blood-clotting  in  relation  to,  598 
vitamin  P,  haemorrhages  in  relation  to,  598 

VITILIGO.  See  Leucodermia,  Vol  Vll,  p,  705 

VOCAL  CORDS,  DISEASES.  See  Larynx  Diseases,  Vol.  Vll,  p.  618 

VOLVULUS.  See  Abdominal  Pain  and  Acute  Atoominal  Emergencies, 

YUL  V  ceuo  a  INTESTINAL  OBSTRUCTION,  Vol.  Vil,  p.  234 

VOMITING,  CYCLICAL.  Acidosis,  Vol.  I,  PP- H6  and  150;  Vol. 

Y uivii Migraine,  Vol.  Viii,  p.  604 

Vulva  and  Vagina  Diseases,  606-614 
urethra,  610,  611 
carcinoma,  611 
urethral  caruncle,  611 

symptoms  and  treatment,  611 
urethritis,  610,  611 
causes,  610 

Skene’s  tubules  involved,  611 
treatment,  61 1 
vagina,  612-614 
carcinoma,  613 
cysts,  612 

fibroma,  hbroniyoma,  and  fibrosarcoma,  613 
hstulae,  613,  614 

recto-vaginal,  treatment  of,  613,  614 
ureteric,  613  ^  ^  , 

urethral  and  vesical,  treatment  of,  613 
ulceration,  612 
vaginitis,  612 

causes,  symptoms  and  treatment,  612 
vulva,  606-610 

Bartholin’s  gland,  610 
abscess  of,  610 
carcinoma  of,  610 


(  50  ) 


INDEX 


VOL.  xn] 

Vulva  and  Vagina  Dm^ses-— continued 

vulva — continued 

Bartholin’s  continued 

cysts  of,  610 
carcinoma,  609,  610 

symptoms  and  treatment,  610 
fibroma  and  neurofibroma,  609 
kraurosis  vulvae,  609 

atrophy  caused  by  hormone  deficiency,  dU9 
symptoms  and  treatment,  609 
leucoplakia  vulvae,  608,  609 
carcinoma  sequel  of,  608 
symptoms,  608,  609 
treatment,  609 
melanoma,  610 
papilloma,  609 

filter-passing  virus  probable  cause,  609 
treatment,  609 
pruritus  vulvae,  608 

causes  and  treatment,  608 
leucoplakia  cause  of,  608,  609 
oestrin  therapy,  608 
sarcoma,  610 
ulceration,  607,  608 

carcinomatous,  608 
diphtheritic,  607 
gangrenous  (noma),  608 
tuberculous,  607  ^  , 

ulcus  vulvae  acutiim  of  Lipschiltz,  607 
vulvitis,  606,  607 
diabetic,  607 
erysipelatous,  607 
follicular,  607 

vaginitis,  associated  with,  607 


W 


WART,  anatomist’s,  287 

arsenic  cause  of,  137  roT 

xerodermia  pigmentosa  cause  ot,  62/,  oz5 
X-rays  cause  of,  189 

WARTS.  See  Skin  Diseases:  Tumours,  Vol.  XI,  p.  203 
WEBBED  FINGERS.  S..  Bone  Diseases,  Vol. 

WEIL-FELIX  TEST,  typhus,  in,  330,  331,  335,  344 
WEIL’S  DISEASE.  See  Jaundice,  Vol.  VII,  p.  267 
WERTHEIM’S  HYSTERECTOMY,  488 
WHIPWORM.  See  Nematode  Infections,  Vol.  IX,  p.  131 

WHITLOW.  See  Hand,  Diseases  and  Deformities,  of^V^o^L  ixt’^’se 

Whooping-Cough,  616-624 
aetiology,  616,  617 
bacteriology,  617,  618 
bronchitis  complication  of,  620 
cerebral  haemorrhages  caused  by,  621 
clinical  picture,  618-620 
coma  in  infants,  621 
convulsion  caused  by,  619,  621 
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Whooping-Cough— 

cough,  61 

ffiistro-cntei itis,  6i-i  , 

immunity,  617 
incidence,  617  ^ 
incubation  penod,  61  / 
infants,  in,  619 

lyniphatic  leukaemia,  diagnosis  from,  621 
lymphocytosis,  617 
pneumonia  complicating,  6-0 
prognosis,  621 

sedimentation  i  ate ,  o  i  o 
temperature,  619 
tracheitis  in,  202 

treatment,  622-624 

belladonna,  623  . 

convalescent  serum,  622 
prophylactic  'vaccines,  6— 

sulphanilamide  624 

vitamins  A  and  B,  623 

WILSON'S  DISPASE.  S«'  n-  4« 

WOOLSORTERS’  DISEASE.  See  An  ihR/vx,  Vol.  1,  P-  620 
WRITERS’  CRAMP.  See  Cramp,  Vol.  IH,  p.  45.S 
WRY-NECK.  See  Torticollis,  p.  48 

X 

XANTHELASMOIDEA,  urticaria  pigmentosa,  synonym  tor,  410 

XANTHOMA,  urticaria  pignaentosa,  diagnosis  trom,  413 

XANTHOMA  AND  XANTHELASMA.  5Vc  Skin  Diseasps:  Tumours,  Vc  I.  Xl^ 
XANTHOMATOSIS,  miliary  tuberculosis,  diagnosis  trom,  305 
XANTHOMATOSIS.  See  Lipoidoses,  Vol.  VllI,  p.  68 
XANTHOPROTEIC  REACTION,  nitric  acid,  of,  71,  72 

Xerodermia  Pigmeotosa,  626-630 

aetiology,  626,  621 

carcinoma  sequel  of,  6-/,  6-5 

clinical  picture  627-621 

eye  symptoms,  625 

histology,  627  „ 

sunlight,  part  played  by,  626,  6-/ 

synonyms,  626 

treatoent,  629 

warts  caused  by,  627,  628 

XEROPHTHALMIA,  vitamin  A  deficiency  cause  of,  595 

XEROPHTHALMIA.  P-  ^93 

XEROSIS,  vitamin  A  deficiency  cause  of,  593,  595 
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X 19  TROPICAL  TYPHUS,  flea-typhus,  synonym  for,  337 

X-R  AYS,  industrial  uses  188 
injuries  from,  187-191 

therapy,  uterine  fibroids,  foi,  46 J 

Y 

YAHGTSE  VALLEY  FEVER.  See  Bilharziasis,  VoL  IT,  p.  331 

Yaws,  63i"”659 

acaothosis,  638,  653 

aetiology,  632-638 

age  incidence,  636 

blood-cholesterol  in,  642 

bones,  lesions  ot,  649,  650,  652,  654 

cerebrospinal  fluid,  651 

clavus,  640,  647 

climate  in  relation  to,  632,  63!) 

clinical  picture,  642-652 

desquaniation,  645 

eruption,  645,  646 

flies  carriers  of,  637  ^ 

‘foot  yaws’  or  ‘crab  yaws  ,  64  / 

gangosa  (rhinopharyngitis  mutilans),  65_,  65J 

geographical  distribution,  63-  636 

goundou,  653,  654 

hands,  of,  647 

histo-pathology,  638-640 

immunity,  641,  642 

incubation  period  642 
juxta-articular  nodules,  654,  655 
Rahn  reaction  in,  640 
keratosis,  647 
lymphatic  glands,  650 
mucous  membranes  m  relation  to,  64/ 
nervous  lesions  in  relation  to,  650 
nodular  granuloma,  primary  lesion  as,  645 
pigmentation,  647 
primary  lesion,  643,  644 
prophylaxis,  655 
rainfall  in  relation  to,  636 
scarring,  644 
secondary  stage,  645-647 
serology,  640,  641 
sex  incidence,  636 
synonyms,  631 
tertiary  stage,  648-650 
trauma  in  relation  to,  635,  o3  / 
treatment,  655-659 
arsenic,  657,  658 
bismuth,  658,  659 

Treponema  pertenue  cause  of,  63*-,  638 
ulceration,  648  . 

Wassermann  reaction  in,  640,  641,  651,  65*- 

Yellow  Fever,  660-672 
albuminuria,  668 
‘black  vomit’,  668 
blood  picture,  667 
clinical  picture,  667,  668 
definition,  660 
diagnosis,  669 
epidemiology,  663 
JFaget’s  sign,  667 
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glucose  in  treatment,  670 
headache,  667 
history  ,  660,  661 
immunity,  664_ 
incubation  period,  660 
jaundice,  667 

kidneys  in,  666  Action  of,  663,  664 

laboratory  workci  s,  imcciion  , 

liver  in,  666 
pain,  6fs7 

pathology,  666,  667 

petechiac,  668  ,  , 

prophylactic  inoculation,  6/0 
spread  by  kranspoi  t,  66. 

iS£r“ 

virus,  (ilterable,  cause  ol ,  660,  no  ,  ov  ^ 

YEMEN  ULCER,  tropical  iilcei,  syiumm  ioi,  ^ 
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ZONA.  Y  n  6"^ 

ZONDEK-^SCHHElM  REACTION.  Se,  VoT  X,  p.  C- 

ZOSTER.  See  Herpes,  Vol  VI,  p.  513 
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